COHMPUTER PROGKAM FOR
THE LOAD AND TRAJZCTORY ANALYSIS OF THO
LOF BODIES CONNECTEC BY AN ELASTIC

{NASA-CR=124259)

USERS MAHUAL (Goodyear Aerospace

TETHE&:
CSCL 2CK

Unclas
17825

Corp.) S99 p HC $7.0v




REF  ENGINEERING PROCEDURE S 017

ore. 15853

DATE February 5, 1973

CODE IDENT NO.

= 25500

GOODYEAR AEROSPACE

CORPORATION

AKRON 15, OHIO

USERS MANUAL

COMPUTER PROGRAM FOR THE LOAD AND
TRAJECTORY ANALYSIS OF TWO 3 D.O.F. BODIES
CONNECTED BY AN ELASTIC TETHER
(Ref. NASA Contract NAS8-29144)

GER 15853

By
George R Doyle Jr.
And
James W Burbick
February 5, 1973

REVISIONS

REV

DATE

MADE BY

APPD BY

~ PAGES AFFECTED REMARKS




oate February 5, 1973 PAGE i

GOODYEAR AEROSPACE

REV DATE CORPORATION GER. 15853
REV DATE e e CODE IDENT NO. 25500
ABSTRACT

This report contains the derivation of the differential
equations of motion of a 3 D.O.F. body joined to a 3 D.O.F.
body by an elastic tether. The tether is represented by a
spring and dashpot in parallel. A computer program which
integrates the equations of motion is also described.
Although the derivation of the equations of motion are

for a general system, the computer program is written for

defining loads in large boosters recovered by parachutes.
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NOMENCLATURE

The following is a list of the variables used in the
computer program with a brief description of each.

The notation is displayed in two forms, 1) as it appears
in the computer program, and 2) as used throughout the
discussion of this report. Some of the variables used
in the report are defined when they are introduced, and

are therefore not included in the nomenclature.
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FORTRAN STANDARD

" DESCRIPTION

REV DATE

REV DATE
A -
AA(6,4)
AALP (16)
AALPP (16)
AAM(8)
AAMP (8)
ABAR
AD
ALP
ALPDEG
ALPP
ALPPDE

w

Length of tether in X direction from
decelerator confluence point to fore-

body confluence point

Dummy variable used to express incre-
mental velocities in the numerical

integration computation

An array of eight variables representing
angle-of-attack of the forebody
An array of eight variables representing

angle-of-attack of the decelerator

An array of eight variables representing

Mach number of the forebody

An array of eight variables representing

Mach number of the decelerator

Distance along longitudinal axis of the
forebody from the intersection of the
body axes to the tether confluence point

positive toward the nose
Time derivative of A
Angle-of-attack of forebody

Angle-of-attack of forebody
Angle-of-attack of decelerator

Angle-of-attack of decelerator

UNITS

N /S

rad/sec

rad

rad

’

m
m /sec
rad

deg
rad
deg

or
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FORTRAN STANDARD DESCRIPTION UNITS
ALPPSL The ratio of two‘angle-of—attack differ-
ences used in interpolation of aero-
dynamic coefficients of the decelerator.
ALPSL The ratio of two angle-of-attack dif-
ferences used in interpolation of aero-
dynamic coefficients of the forebody.
AM Mach number of forebody
AMP Mach number of decelerator
AMPSL The ratio of two Mach number differences
used in interpolation of aerodynamics
coefficients of the decelerator
AMSL The ratio of two Mach number differ-
ences used in interpolation of aero-
dynamics coefficients of the forebody
APBAR KP Projection along longitudinal axis of
decelerator from a line between the
intersection of body axes and the
tether confluence point, positive
toward the nose m
AREAT Alphameric input-AREA SEQUENCE OF
INFLATION
ATMOS Alphameric input defining atmosphere
AOBAR Projection along longitudinal axis of
the forebody from a line between the
intersection of the body axes and the
bridle confluence point, positive
toward the nose m
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FORTRAN STANDARD DESCRIPTION UNITS
ALBAR A, Distance along longitudinal axis of the
forebody from the intersection of the
body axes to the No. one bridle attach
point, positive toward the nose m
A2BAR A, Distance along longitudinal axis of the
forebody from the intersection of the
body axes to the No. two bridle attach
point, positive toward the nose m
B B Length of tether in 2 direction from
decelerator confluence point to fore-
body confluence point m
BBAR B Projection along lateral axis of fore-
body from a line between the inter-
section of the body axes and the tether
confluence point, positive up m
BD B Time derivative of B m/sec
BET1 B, Positive angle defined in Figure 6 rad
BET1DE B, Positive angle defined in Figure 6 deg
BET2 B, Positive angle defined in Figure 6 rad
BET2DE B, Positive angle defined in Figure 6 deg
BPBAR Eé Projection along lateral axis of decel-
erator from a line between the inter-
section of the body axes and the tether
confluence point, positive up m
BOBAR Projection along lateral axis of the fore-
body from a line between the inter-
section of the body axes and the bridle
confluence point, positive up m
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FORTRAN STANDARD DESCRIPTION UNITS

B1BAR §x Distance along lateral axis of the fore-
body from the intersection of the body
axes to the No., one bridle attach
point, positive up m

B2BAR ﬁi Distance along lateral axis of the fore-
body from the intersection of the body
axes to the No. two bridle attach point,
positive up ) nm .

C C Damping coefficient of tether N sec/m

cAa CA Axial coefficient of forebody

2

CAAP Drag area of decelerator m

CAP CAP Axial coefficient of decelerator

CCA (8, 16) An array of eight by 16 variables
representing axial force coefficients
of the forebody corresponding to
AAM(8) and AALP (16)

CCAP (8.16) An array of eight by 16 variables
representing axial force coefficients
of the decelerator corresponding to
AAMP (8, and AALPP (16)

ccM (8, 16) An array of eight by 16 vyariables
representing moment coefficient of the
forebody corresponsing to AAM(8) and
AALP (16)

CCMP (8.16) An array of eight by 16 wvariables
representing moment coefficients of the
decelerator corresponding to AAMP (8) and
AALPP (16)
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FORTRAN STANDARD DESCRIPTION o UNITS

CCMQ (8.,16) An array of eight by 16 variables
) representing damping moment coefficients
of the forebody corresponding to AAM(8)
and AALP (16) ‘ rad

CCMQP (8,16) An array of eight by 16 variables
representing damping moment coefficients
of the decelerator corresponding to
AAMP (8) and AALPP(16) rad

CCN (8,;16) An array of eight by 16 variables
representing normal force coefficients
of the forebody corresponding to
AAM(8) and AALP(16)

CCNP (8 :16) An array of eight by 16 variables
representing normal force coefficients
of the decelerator corresponding to
AAMP(8) and AALPP(1le6)

tan  A/B rad

CHI X

CHID i dx/dt rad/sec
CHIDDE X dx/dt S deg/sec
CHIDEG X tan” A/B | ‘ deg

CM Cm .Moment coefficient of forebody

CMP Cmp Moment coefficient of decelerator

CMQ Cmq Damping moment coefficient of forebody racil-'1
CMQP Cmqp Damping moment coefficient of decelerator‘rad-1

CN Cy Normal force coefficient of forebody
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FORTRAN STANDARD DESCRIPTION : UNITS
CNP CNp Normal force coefficient of decelerator
CONF Dummy number used to test for the initial
configuration of the system
CONST Dummy number used to test for completion
of trajectory
CTHE cos 6 cos 6
CTHEP cos B_ cos ep
D d Aerodynamics reference length for forebody m
da da
DADTHE db do -m/rad
dAa da ,
DADTHP = 33 m,/rad
p PC
DAMP Cr L’I‘ m
' dB aB
dB dB m/rad
DBDTHP a5 I
p p
DCG Distance between the reference center of
the forebody and the C.g. of the decelerator m
DD (3, 3) Coefficients of the second derivatives
in the equations of motion of the
forebody kg or
kg- m
DL DL Distance between the two bridle con-=
nection points on the forebody m
DLP DLP Distance between the two suspension
line connection pcints on the
decelerator m
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FORTRAN STANDARD DESCRIPTION UNITS
DLS1 DLS, Change in length of first suspension

line due to tension in the elastic

system m
DLS2 DLS, Change in length of second suspension .

line due to tension in the elastic

system m
DL1 DL, Change in length of the first bridile

line of the forebody due to

tension in the elastic system m
DL2 DL, Change in length of the second

bridle 1line of the forebody due

to tension in the elastic system m
DP dp Aerodynamic reference length of the

decelerator (same as Ref. dia. DO) m
DT At Integration time increment sec
DT1 Length of inflation time sec
DTP Number which controls the number of

integrations bhetween data output
DTPC Control variable in printout routine
DTP1 DTP1 Input constant which controls the number

of integrations between data output when

DT = DTI1 sec
DTP2 DTP2 Input constant which controls the number

of integrations between data output when

DT = DT2 sec
DTVC Time 1increment to close thrust valve of

reaction control system on forebody sec
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FORTRAN STANDARD DESCRIPTION UNITS
DT1 DT1 First integration time increment - sec
DT?2 DT2 Second integration time increment sec
L,
DYPR o Dynamic pressure acting on forebody N/m
. 2
DYPRP qp Dynamic pressure acting on decelerator N/m
EE (3) Variables representing the forces or
torque acting on the forebody, shown
in the equations of motion N or
m—N
EPS A small positive constant used to check
for redundant or inconsistent equations
in CROUT subroutine
EPSP1 Ep; Positive angle defined in Figure 6 rad
EPSP1D £p: Positive angle defined in Figure 6 deg
EPSP2 €p. Positive angle defined in Figure 6 rad
EPSP2D €p, Positive angle defined in Figure 6 deg
EPS1 €. Positive angle defined in Figure 6 rad
EPS1DE €, Positive angle defined in Figure 6 deg
EPS2 £, Positive angle defined in Figure 6 rad
EPS2DE €, Positive angle defined in Figure 6 deg
ETAl n, Positive angle defined in Figure 6 rad
ETA1DE n, Positive angle defined in Figure 6 deg
ETA2 n, Positive angle defined in Figure 6 rad
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FORTRAN STANDARD DESCRIPTION 4 UNITS
ETA2DE Positive angle defined in Figure 6 deg
. 2
FF (3) Variables representing the accelerations m/sec
2
of the decelerator or rad/sec
2
G g Acceleration of gravity of 2 N/sec
GAM Y Flight path angle of forebody rad
GAMDEG % Flight path angle of forebody - deg
GAMP yp Flight path angle of decelerator rad
GAMPDE Yp Flight path angle of decelerator | deg
. . 2
GR Acceleration of gravity at sea level m/sec
HHH Altitude below which trajectory is ended m
I Dummy variable used in DO loops
IERSW Control number used to check for incon-
sistant or redundant equations in CROUT
subroutine
111 Control variable used in the iteration
section of SUBR
IIYP (1l6) An array of sixteen variables representing
the pitch moment of inertia of the decelerator
corresponding to TTI(16) kg-m?
1Y Iy Pitch moment of inertia of forebody kg‘mz
1YP Iyp Pitch moment of inertia of decelerator kg-m2
J Dummy variable used in DO loops
JJ Dummy variable used to control output
JJJ Dummy variable used to control output
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FORTRAN STANDARD DESCRIPTION UNITS
K K Spring constant of elastic system N/m
KBL KBL Longitudinal spring constant of bridle N/m
KBT KBT Transverse spring constant of bridle N/m
KH1 KH1 Spring constant of one bridle line (LH1) N/m
KH2 KH2 Spring constant of second bridle line(LH2) N/m
KKS (8) KKS (8) Spring constant array of dimension 8 N/m °
KPHI K¢ Spring constant of bridle at a puyll-off

angle ¢ N/m
KS KS Spring constant of both decelerator

suspension lines N/m
KSPKH1 KSPKH1 Spring constant of elastic system when

bridle line 2 is slack N/m
KSPKH2 KSPKH2 Spring constant of elastic system when

bridle line 1 is slack N/m
LAM A Angular displacement of forebody's

confluence point using the intersection

of the forebody's body axes and the

longitudinal axis as a reference rad
LAMDEG A Angular displacement of forebody's

confluence point using the intersection

of the forebody's body axes and the long- a

itudinal axis as a reference eg
LAMO Ay Positive angle defined in Figure 6 rad
LAMODE Ay Positive angle defined in Figure 6 deg
LAMOQP Aop Positive angle defined in Figure 6 rad
LAMOPD Aop Positive angle defined in Figure 6 deg
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FORTRAN STANDARD DESCRIPTION ‘ UNITS
LAM1 Ay Positive angle defined in Figure 6 rad
LAMI1DE Ay Positive angle defined in Figure 6 deg
LAM2 A, Positive angle defined in Figure 6 rad
LAM2DE A, Positive angle defined in Figure 6 deg
LH1 LH] Length of first bridle line m
LH2 LH2 Length of second bridle line . m
LSl LSl Length of first suspension line . m
LSs2 LS2 Length of second suspension line m
LT Lip Length of riser 1line m
N dLp

LTD Lo dc m/sec
LTR Length of riser line if bridle is not

slack m
LTO Lo, Unstretched length of riser 1line _ m
Lo L, Distance from intersection of forebody's

body axes to bridle confluence point m
LOP Lop Distance from c.g. of decelerator to

confluence point of suspension lines m
Ll L. Distance from intersection of forebody's

body axis to the negative bridle attach

point m
L2 L Distance from intersection of forebody's

body axes to the positive bridle attach

point m
M m Mass of forebody kg
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FORTRAN STANDARD DESCRIPTION UNITS
MA Added mass of decelerator at T kg
MMA (16) An array of 16 variables representing
added mass of the decelerator corres-
ponding to TTI (16) kg
MP m, Mass of decelerator at T kg
MU i Pull-off angle of riser from suspension
lines rad
N du :
MUD u IE rad/sec
MUDEG u Pull-off angle of riser from suspension
lines deg
_ . du
MUDDEG u =t deg/sec
dt
NA Axial g load on forebody (earth g's)
NAP Axial g load on decelerator (earth g's)
NN Normal g load on forebody (earth g's)
NNP Normal g load on decelerator (earth g's)
NU v Positive angle defined in Figure 6 rad
NUDEG v Positive angle defined in Figure 6 deg
NUP vp Positive angle defined in Figure 6 rad
NUPDEG Yo Positive angle defined in Figure 6 deg
PHI o Pull-off angle of riser from forebody's
confluence point rad
PHIB Pull-off angle of riser from forebody's

rad
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FORTRAN STANDARD DESCRIPTION UNITS
PHID $ g% rad/sec
PHIDDE & g% deg/sec
PHIDEG ¢ Pull-off angle of riser from forebody's
confluence point deg
PHIL ¢, Maximum pull-off angle before bridle
line 2 goes slack rad
PHIL1DE ¢, Maximum pull-off angle before bridle
line 2 goes slack deg
PHI2 ¢, Maximum pull-off angle before bridle
line 1 goes slack rad
PHI2DE ¢2 Maximum pull~off angle before bridle
line 1 goes slack deg
POINT (5) An array used to transfer data points
from the program to a tape
QTHE Qs Generalized force on g equation m-N
QTHEP er Generalized force on ep equation m-N
(0):4 QX Generalized force on X equation N
QXP pr Generalized force on xp equation N
02z Q, Generalized force on Z equation N
QzZP sz Generalized force on Zp equation N
R Radius of planet m
‘ 3
RHO Atmospheric density at 2 kg/m
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FORTRAN STANDARD DESCRIPTION UNITS
2
S S Aerodynamic reference area of forebody m
SIG1 g, Positive angle defined in Figure 6 rad
SIG1DE o, Positive angle defined in Figure 6 deg
SIG2 o, Positive angle defined in Figure 6 rad
SIG2DE o, Positive angle defined in Figure 6 deg
2
SP Sp Reference area of decelerator (So) m
SPIT Reference area of decelerator during
2
inflation .
SSPI(16) An array of sixteen variables. repre-
senting reference area of decelerator
2
corresponding to TTI (16) m
STHE sin © sin 6
STHEP sin 9 sin ©
P P
T t Flight time sec
TC Time at which thrust valve on reaction
control system is closed sec
TDTC Time at which DT and DTP change value
from DTl - DT2 and DTPl -» DTP2 sec
TENS Tension in riser line N
THE g8 Pitch angle of forebody rad
: . as
THED 8 3% rad/sec
THEDDD ) d ? deg/sec’
dt
; dé
THEDDE 8 at deg/sec
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FORTRAN STANDARD DESCRIPTION UNITS
THEDEG 0 Pitch angle of forebody deg
THEDL Forebody's pitching rate at which

reaction control thruster begins to
turn off rad/sec
THEDU Forebody's pitching rate at which
reaction control thruster is turned on rad/sec
. 2
THED?2 2 (éﬁ_) rad?/sec?
dt
THEP 8 Pitch angle of decelerator rad
. de
THEPD 8 EEE rad/sec
d2e
THPDDD 5 ——B deg/sec?
at?
. dep
THPDDE S I deg/sec
THPDEG 0 Pitch angle of decelerator deg
TI Time at which decelerator inflation
begins (=0.0) sec
TIMEI Alphameric input = TIME SEQUENCE OF
INFLATION
TISL Ratio of two time differences used to
calculate inflation characteristics of
decelerator
TOR Maximum value of torque on the forebody
produced by the reaction control system m-N
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FORTRAN STANDARD DESCRIPTION UNITS
TORQ Value of torque on forebody produced by

reaction control system at T m-N
TSL Ratio of time differences used in the

interpolation of gust velocity
TTENS (8) Tension array associated with-

KKS (8) N
TTG(8) An array of eight variables representing

time used in gust interpolation sec
TTI(16) An array of 16 variables representing

time used in the inflation interpolation sec
TTT Time at which trajectory is ended sec
\% \Y% Total inertial velocity of forebody m/sec
VD Total inertial acceleration of forebody m/sec?
VG Vg Gust velocity m/sec
VP Vp Total inertial velocity of decelerator m/sec
VPD Total inertial acceleration of decelerator m /sec?
VS Speed of sound at 2 m/sec
VVG (8) An array of eight variables representing

gust velocity corresponding to TTG (8) m/sec
X X Horizontal displacement of forebody along

the X inertial coordinate m
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FORTRAN STANDARD DESCRIPTION ' UNITS
ZBAR 7 Lateral displacement of the c.g. of the
forebody from the intersection of the
body axes, positive up m
s ax
XD X It m/sec
.o 2
XDD X X m/sec?
dt?
XP Xp Horizontal displacement of decelerator
along the X inertial coordinate m
. dxp
XPD Xp 3t m/sec
.. azx
XPDD X = : m/sec?
2 Z - Vartical displacement of forebody along
the Z inertial coordinate . m
XBAR X Longitudinal displacement of the c.g. of
the forebody from the intersection of the
body axes, positive toward the nose m
: daz
2D Z It m,/sec
0 2
ZDD 2 g—% m./sec?
at*
P Zp Vertical displacement of decelerator
' along the Z inertial coordinate m
, . az
ZPD Zp 3T m /sec
ZPDD zp d Zp _ m/sec2
dt?
ZSL Ratio of altitude differences used in the
interpolation of RHO and VS
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REV DATE
REV DATE
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SECTION I = - INTRODUCTION

The objective of this report is to present a computer
simulation of the dynamics of two bodies (coupled by an
elastic tether) in a plane. This is a simplification of
a more general problem (see Ref 5). Both bodies have two
translation degrees of freedom and one rotational degree
of freedom each; the tether is considered massless and its
only function is to apply a constraint to the two bodies
such that they remain in the vicinity of each other. A
situation in which this simulation would be of use is in
a deceleration and stabilization study of a re-entry
vehicle by a parachute system. The re-entry vehicle
(hereafter denoted as the forebody) is assumed to have
arbitrary mass and shape characteristics, but the decel-
erator is considered to be symmetric. Also included in
the report is a listing and explanation of the computer

program used to integrate the equations of motion.
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SECTION II =~ EQUATIONS OF MOTION
1. ggneral

The system is defined as two rigid bodies joined by an
elastic tether and free to move in a given plane. Both
the forebody and the decelerator have 3 D.O.F. In
general the forebody may have an off center c;g., but
the decelerator is considered to be symmetric and homo—
geneous. The elastic tether is simulated by a spring
and dashpot in parallel and is attached to the forebody
by means of a bridle; the tether is attached to the
decelerator at the confluence point of the suspension
lines or at the apex of a BALLUTE. a

The motion is referenced to a Cartesian coordinate

system fixed on a flat, non-rotating planet. Coordinate
systan}{ EZ is an inertial coordinate system (Figure 1);
X,2; and Xg,Z,, are body axes for the forebody and
decelerator respectively. XZ and XB ZB are fixed to

the forebody and decelerator respectively at one point
and always remain parallel to the inertialj(é? axes,

In general, axes XZ and X,Z,intersect at the same point
but not at the center of gravity of the forebody. There-
fore, X, Z are not principal axes in general. However,
Xp: %p, are principal axes. ;1 is the vector distance
from the intersection of the body axes (longitudinal

and lateral axes of the forebody) to the confluence point
of the forebody. Because of the harness configuration,
this confluence point changes location discretely or con-

tinuously during a simulation. This problem will be
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discussed in Section III-2. r

2

Z
AB
\ ZB!
\ .
RJ
XBI
Cc
K
z2
A
——,
2 o
®
3

is the vector distance
from the intersection of the body axis of the decel-
erator (c.g. location) to the confluence point of the

FIGURE 1

COORDINATE SYSTEM
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Kinetic Energy

Consider an arbitray body rotating and translating in a
plane (Figure 2). Axes:Z-;Z are inertial axes; axes
X.Z, are orthogonal axes fixed to the body and intersect
at point 0. Angular velocity, é, has only one component
perpendicular to the plane of motion. Linear velocity
60 has components V, , and V, , along the instantaneous
directions of the X,;Z, axes respectively. m is located
at the center of mass of the body with position X, Z
relative to the‘XIZ1 axes (? and E are considered
constant in this problem). U is the velocity of the
center of mass with reipect to the X,Z,axes and it has

components u . r is the vector from o to m.

Z

A

x1°f u21

X,
Voxi , Uy

FIGURE 2 - RIGID BODY WITH 3 D, 0. F,
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The velocity U can be expressed as follows:

Tx (X

(o

+ Z k)

De

- > >

u = wxrxr = (-
It follows immediately from equation (1):

u = -8 7

u = +8 X

If the point o has instantaneous velocity components

-
VoXland V021 along X1 and Z1 (Vo represents a linear
velocity of the body as a whole), the inertial velocity

along Xlzlare:

Ver = Vox1+ Uxr T Vox1 - 67
Vor = Vogr YU T Vg ? 6%
The kinetic energy is:
T = im (Vx12+ vzxz)
Expanding equation (4):
T = X m[vom2 + Voz12 1+ % m[6%(z% + X?)]
+ m [-Vox1 6 7 + Vozlé E]

or

(1)

(2)

(3)

(4)

. (5)

(6)
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Equation (6) applies to both the forebody and the
decelerator. However, in the case of the decelerator

X and Z are zero. Therefore, for the decelerator:

T = V 2+ %1 H 2 7
p %7 Vop % Iyp O (7)

Velocities V0x1 and Vozl must now be transformed from

the body axes coordinate system to the inertial

coordinate system. Figure 3 shows the relationship;

VOXI = X cos 6 + 2 sin 6 | (8)
Vozl = =X sinb + Z cos 8 (9)
‘ Z
z 4
2]

FIGURE 3 =~ TRANSFORMATION ANGLE

The total kinetic energy of the system is:

T =% m(X2 + 22)+ 5 m (X 2 + 2_2)+ % I 824 %

A 2
T P P p y o

I
Yp p

+m B[-X(Z cos 6 + X sin 0)=-Z2(Z sin 6 - X cos 6)] (10)
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Potential Energy

The potential energy in the system is due to the

weight of the two bodies and to the elasticity in the

tether.

—_ . - _ 2
mg[Z + X sin 6 + Z cos 6]+ mpg Zp + % K(LT LTo)

LTO is the unstretched length of the tether and LT
is the stretched length of the tether given by the
geometry of the system. Referring to Figure 1:

> >
LT = IP2 - P1|

-> ->

P, and P,
system to the confluence points of the forebody and

are vectors from the inertial coordinate

decelerator respectively. For the decelerator:

-> - > -
P2 = Xp i+ Zp k + r,
-_— —

r2 = Ap lp1 D Kpl
—’
i = + ]
pl i cos ep k sin b
-> > >

= -i sin 8 4+ k cos 6
pi p

(11)

(12)

(13)
(14)

(15)

(16)

. f— — > — p—
i(X + A cos 8 -~ B sin 6 )+ k(Z + A si 6 + B 6
(X5 * Ay P~ °p plt K(Zp* A, sin 6+ B cos 6)

(17)




8

CATe _February 5, 1973 GOODYEAR AEROSPACE "Act

REV DATE CORPORATION GER. __ 15853
REV DATE een  ome CODE IDENT NO. 25500

For the forebody:

B, = x1+2k+7, (18)
r, = A1, +BEk, (19)
I: = 1 cos 6 + k sin © (20)
El = -1 sin 6 + k cos 6 ' (21)
> > = = > -, —
P, = 1(X + A cos 6 - B sin 6)+ k(Z + A sin 6 + B cos 0)
_ (22)
- . ]
LT = (LT LT) (23)
L, = | X + A cos 6_ -8B sin 6_ - X - A cos 8
T [(Xp + A, cos 6, = B, sin 8 co
+ B sin 68)%+(2_ + A sin 6_ + B_ cos 0
sin ©6) ( D b in p b s p
_ - % - .
- 72 - & sin 8 - B cos 6)?] (24)
Define the variables A and B such that:
y
Ly = (A% + B?] : (25)
The constraint equation is:
_ , , 3
g = [A*+B°“] -L, =0 (26)

T
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Derivatives of A and B with respect to the coordinates are:

A _ _ B _
X - 1 37 1
(27)

SA 6B
— == l — l
86X ¥4

p P
5A _ 6A _ 6B 5B _
7 = §— - X - & - O (28)

P P

%%— = A sin 6 + B cos 6 (29)
%%; = =A sin ep - Eé cos ep (30)
§B -A cos 6 + B sin 6 (31)
To
8B A cos 6 - B_ sin @ (32)
Gep P P p P

4, Rayleigh's Dissipation Function (See Ref 1 and 2)

Frictional forces which are proportional to the

velocity may be derived in terms of a function defined as

m ')
= L 2
:r : L, C; 9 (33)
where the summation is over all the degree of freedom,
For this problem, Raleigh damping is considered only

in the tether.

(34)
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5. Lagrange's Equation

Lagrange's equation for non-conservative forces,
holonomic, scleronomic constraint, and Rayleigh's

dissipation function can be written

d 6L 5L 5§ 8% _

g
6qi _
generalized force exerted by t%; tether on the "i"th
8

qu
spring and Qi is the non-conservative aerodynamic and

In equation (35), the term A expresses the

degree of freedom. The term is the damping in the

reaction control forces.

The Lagrangian (L) is equal to the total kinetic energy
of the system minus the total potential energy of the

system.
L = T, -V (36)

Substituting equation (10) and (11) into equation
(36), the Lagrangian can be written as a function of
the generalized coordinates, (X, Z, 6, Xp Zp, ep).

L=%m(>.<2+é2)+%mp (X 2+ 2 2) +%I_ 62+ 571 § 2

p p Y yp p
+m §[-X(Z cos 6 + X sin g) - Z(Z sin 6 - X cos )]
- X ai 7 - - L - 2
mg[Z + X sin 8 + Z cos 6] m, g Zp 3 K(Lp = Lp ) o (37)
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Now operate on equation (37) with equation (35).
X equation
GL * [ — .
5k - m X -m 6(2 cos 6 + X sin g) (38)
d 6L L3 S 0 e —
3T (E§ ) =m X -m6(Z cos 6 + X sin ¢)
-m62(-Z sin 6 + X cos §) (39)
L _
> 0 (40)
8g  _ sA . g éB = - B 41
5% (2 5% * Baxl/ By i (41)
s - o (42)
X
Z equation
Q% = m2-mB(Z sin 6 - X cos 9) (43)
82
9_(§£) =m?Z-m86(Z sin 8 - X cos 8)
dt 5%
Z
-m 62(Z cos 8 + X sin 6) (44)
0L - -mg (45)




REF: ENGINEERING PROCEDURE 5-017

B~ 18(3-7 U K- £10)

12

oare _February 5, 1973  GOODYEAR AEROSPACE 'ACt

REV DATE convoa::l:,on GER- 15853

REV DATE e CODE IDENT NO. 25500
§g SA 6B . _ _B
'87- [A E + B E] / LT = KI" , (4 6 )
é? = 0 (47)
852

Xp Equation

SL _ >

d 8L o0

— —— = X 49

dt(G).() mp P ( )

p

8L, :

S = 0 (50)
p

Sg _ SB SB _ A

3% = gz +Bgx]l/ Ly = §— (51)
p p T

LI S (52)

§X
p

Z_ Equation

v B9
L .

—_— = VA 3

v mp b (53)
p

d , §L iy

_— (—= = m 2 54
i) o %p (54)
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SL _ )
"“azp = Ty 9 | (55)
§g SA 8B _ B
sz = gz v B 1 /Ly = o (56)
p P T
gg = 0 (57)
Z
¢ P
Equation
6—%‘ = Iyé - m[X(Z cos 6 + X sin 68) + 2(Z sin 6- X cos 6)]
6§06
(58)
%E(Q% = 1% - m(X(Z cos 6 + X sin 0)
Y Y
+ %2(Z sin 8 - X cos 0)] + X8 (-Zsin® + Xcos 6)
+ 26 (Z cos 6 + X sin 0)] (59)
% = -md[X(-Z sin 6 + X cosd) + Z(Z cosb + X siné)]
-mg [X cosh - 7 sin 8] (60)
8g
=4 A §B
86 = [A6_6+B-6—6]/LT (61)
§F 0 (62)

[og]
De
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eB Equation

Lo 1 8 (63)
58 yp P
p
a 6L . -
— (== I 3] 64
dt "s8 YP P (64)
|
£ = o0 | (65)
p
§q 8A SB
o. - Bges B gyl /I (66)
P .
é.jQ_V = 0 (67)
5,

L,, Equation

T
&) = o (68)

SL

T

SL _ _
sty - Ko T Lp) (69)
89 - (70)
3
3. e, (71)
sL
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If equations (68) to (71) are substituted into
equation (35), the resulting equation is:
K(Lp = Lpo) + A +»c Lp = 0 (72)
A= =[K(Lp = Lp,) + C L] (73)

The variable A can now be substituted into equation

(35) when writing out the differential equations of

Hence X can be expressed as a function of the
generalized coordinates and their time derivative.
The six equations of motion are now expressed as

follows:

motion. I, is found by differentiating equation (25)

T
| ) 2% _ AA+ BB
LT = I [A< + B°]72 = R A (74)
T
A = X +A cos H_ -B sin 8 =~ X - A cosf + B sin O
P P P P 1%
(75)
A = %X -Z6sinb -BHO coss -X
P PP D bp
+ Absin 6 + B cos 6 (76)
B=2 +A sin6_+ B_cos 6_ - Z - A sinf - B 8 (7
b o p b p n cosbB (77)
B=%2 +E 6cos 6 -BH sine -2 - Ab 6
p " “p p p~ “p'p P cos
+ B 6 sin 6 (78)
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1) X Equation:

mX'- m(Z cos 8 + X sin 6)8 = m(-Z sin 6 + X cos )62

. a
+[K(Lp = Lp,) + C.LT][E;—] + 0, (79)

2) Z Equation:

mz - m(Z sin 8 - X cos 68)%" = m(Z coss + X sin 8)82 - mg
. B
+[K(Lp - Loy + C L] o 1 +Q, (80)
3 X Equation
)J?q
m X = -[K(L, -L,)+CL] [21+0 (81)
P P T To T Lo, Xp

4) Zp Equation

Q@ - _ _ - ‘. E_
mp zp = mp g [K(LT LTO) + C LT] [ T 1 + sz (82)

5) © Equation:

¢ 9

I 6 -m(Z cos 68 + X sin 6) X - m(Z sin 6 - ¥ cos 8)7 =

y
-mg[X cos 6 - Z sin 61=[K(Ly - Lyp,)
+cip) agE+ BB /L, +0q (83)
6) QEiEquation
I %; = ~[K(Ly = Ly,) + C L,][a %%; + B %%—]/LT+ %p

(84)
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6. Non-Conservative Generalized Forces
a) Forebody Aerodynamics:
- The aerodynamics of the forebody are given with
respect to the body axes as shown in Figure 4.
z POSITIVE
A
ANGLES
CA Cn
\C; - X
m Y
~ 8
X
_ \ V
¢
FIGURE 4 - AERODYNAMICS OF FOREBODY
Qx = -q.S(CA cos 0 + CN sin 6) (85)
Qz = qS(CN cos 6 - CA sin 0) (86)

The generalized force Qq is given later in

equation (90).




E-LlU- 100~ /U ) K410/

REF: ENGINEERING PROCEDURE 5-017

DATE February 5, 197 3 GOODYEAR AEROSPACE PAGE 18
REV DATE CORPORATION GER.- 15853

REV DATE o o CODE IDENT NO. 25500

LA A

b) Decelerator Aerodynamics:

The aerodynamics of the decelerator are given with

respect to the body axes (Figure 5).

POSITIVE
Z, ANGLES

Ve

¢

FIGURE 5 - AERODYNAMICS OF DECELERATOR

pr = —qup(CAP cos 6p + CNP sin ep)
sz = qp Sp(CNP cos ep - CAP sin GP)
8pp
= s _d_[c__ + C_z :
er 9 Sp p[ mp mép ( v

(87)

(88)

(89)
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c)

Reaction Control System:

A reaction control system may be used to stabilize

the forebody's pitching motions. This is accompiished

by checking the pitching rate of the forebody. If

the absolute value of the rate is above a given upper

value, a restoring torque (TORQ) is applied to the

forebody. This restoring torque is maintained .

until a given lower value of pitching rate is reached.

The torque is then decreased to zero over a finite
time increment (DTVC). The generalized force Qe is

now written as:

0 = gsaic +c: &7 + Torg (90)
6 m mé 'V
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7. Solution of Equations of Motion

Because the center of mass of the forebody is not located

at the intersection of the longitudinal and vertical axes
(point 0, Figure 2), the equation of motion of the fore-
body are coupled in the second derivatives. These equations
((79), (80), (83) have the following form:

D,, X+ D,, Z+D,,06 = E,
D,, X+ D,, 2+ D,,06 = E, (91)
Dy, X+ D,, Z + D,,6 E,

Before numerically integrating equation (91), they are
separated using Crout reduction (Refer to Ref 3). The
final form will be:

e w . []

q; = fl(X, Z, 6, X

i =1, 2, 3 (92)

The equations of motion for the decelerator are not

coupled in the second derivative and can be written in

the form:
k; = F,
h; = F, (93)
ep = F,

The six second order differential equations of motion,
(92) and (93), can now be numerically integrated using.
4th order Runge-Kutta. (Re Ref. 4).
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SECTION III
APPLICATION OF THE EQUATIONS OF MOTION TO THE ANALYSIS
OF A ROCKET BOOSTER RECOVERED BY A PARACHUTE
(Ref. Figure 6)
l. General

The mathematical model defined up to this point applies
to a general system. Except for the tether line, the
entire system is rigid. In actual application the .
structure between either body reference point and the
appropriate tether end is not rigid. In other words there
is an elastic structure between the end of the tether and
the referenced body. The tether is attached to the fore-
body by an elastic bridle, and to the aft body by the
elastic suspension lines of a parachute. An effective
system spring constant must be used to adequately account
for the effect the suspension lines and bridle have on

the system spring constant.

The bridle consists of two lines (LH1l, LH2) attached to
points (1 and 2) located on the forebody. The other ends
of lines LH1 and LH2 attach to the tether. An important
fact to remember is that the lines can't carry a compres-
sive load and one bridle line will go slack if the tether
tension load is directed in such a direction as to lie

outside o, or 0gye Therefore, when the tether tension load

is directéd along one of the bridle lines or outside

0, Or 0., the opposite line goes slack and the tether and
the line become one longer tether connecting the aft body
to the forebody at point 1 or 2 depending upon which bridle

line is carrying the load. The suspension lines in the
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parachute (aft body) are resolved into two lines (LS1

and LS2). Each line has a spring constant (KS) which is
used together with the bridle spring constant (K¢, see
Equation 133) in calculating an effective system spring
constant (K) for the dynamic two body system. It should

be noted here that the computer program from which this
program has been adapted was written for the Viking program.
This system had a very short rigid tether, the elastic
effects of which were included in the parachute suspension
line spring constant (KS). Therefore, one half the tether
spring constant should be added in series with one of the
parachute suspension line spring constants, and the result-
ant spring constant is the spring constant KS used in this

computer program.

The parachute shown in Figure 9 can be made elastic or
rigid by removing or adding the "C" in the comment column
of the card CALL SUSPEN in the'subroutine, SUBR. It has
been found that a rigid parachute representation results

in a much faster running program, with little change in
tether tension when compared to a system with an elastic
parachute. Therefore, this program calls for the rigid
parachute simulation; and if desired it can be made elastic

as discussed above.
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POSITIVE
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X zZ
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L \
o)
\"'\e
/ ;X
2 \
FIGURE 7 = SCHEMATIC OF 2 BODY SYSTEM
From Figure 7, the following relationships exist:
x = tan % (94)
o= -7 L
U= 5 ep up X (95)
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2. Bridle Geometry

At any given time the bridle schematic will be as shown

in Figure 6. The complete geometry of the system, shown in
Figure 6 can be defined by inputting six variables. These
variables are LHl1, LH2, A,, A,, B,, B,. LHl, and LH2 are
always positive and represent the lengths of the two bridle
lines of the bridle. A, and A, are positive towards the
nose of the vehicle. They represent the distance to the

location of the bridle attach points along the centerline.

B and'ﬁé represent distances to the bridle attach points

1

along the lateral axis of the vehicle. With these six values

the geometry of Figure 6 is defined through the following

equations:

2 2
L, = /Xl + B, (97)
2 2
L, = /Xz + B, (98)
— _ - - 2
DL = /(52 -B)*+ (B, - &) (99)
-1 2 2 2
B, = cos [(L, + DL =- L, )/(2*L,*DL)] (100)
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B, = cos [(L,2 + DL? = L,?)/(2*L,*DL)] (101)
€, = cos ' [(LH1? + DL? - LH22)/(2*LH1*DL)] (102)
e, = cos ' [(LH2? + DL? - LH12)/(2*LH2*DL)] (103)
n, = Tm=- 8, - € (104)
n, = T B, = €, (105)
2 2 * * * ;i
L, = [ L,®+ LH1® - 2*LH1*L *cos (B, + €,)] (106)
A\, = tan”'( B,/&, ) (107)
Ay = tan-l(ﬁl/il) (108)
Ao = X, + cos ' [(L,? + L2 - LH22)/(2*L_*L,)]  (109)
o, = m=B;, -, = (A, =1 (110)
o, = m=8,=-¢€, = (g = A,) (111)
\V = A, (112)
A, = L,* cos v (113)
B, = Ly* sin v (114)
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Equations (97) to (114) are used to find the point

which the tension is acting through. If ¢ is greater

than o,;, the confluence point of the forebody is located

at (A;. B,); if ¢ is less than ¢,, the confluence point

is at (A,, B,). Otherwise the confluence point is at

(X,, B,). However, (A,, B,) is a variable depending on

LH1 and LH2 which depend on the tension and the angle ¢ .
The following method is used to find LH1 and LH2 when each |
leg of the bridle is under tension. Figure 8 shows a
schematic of the forebody bridle.

The tension loads in lines LH1 and LH2 are given by
Equations 115 and 116.

-s8in¢ coso, + cos¢ sinoa
sin(o, + ¢,) sin(o, + 0,)

H
i

, = TENS[ ] (115)

sin$ cos0, N cos¢ sino,
sin (0 ,+ 0,) sin(o, +0,)

T, TENS [ (116)

The change in lengths of bridle lines LH1 and LH2
from unstrained length is given by Equations 117 and 118.

DL = T,/KH1 (117)

DL T,/KH2 (118)

The bridle spring constants, KBT and KBL in the
directions of forces TT and TL are given by Equations
119 and 120.

cos 9: 2 1  cos o 2 1 w1
KBT = [ . . 1 . .
stnlo Foy) (R Gy CREE (119)
sin © 2 ¥ . )
KBL = : L (51 90 3% 1. (120)

sin(o,+0,) KH1 'sin(01+02) KH2
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Now using equations 117 and ‘118

LH1 LH1 + DL, (121)

LH2 LH2 + DL, (122)

If the value of LH1 and LH2 are now used in equations
(97) to (114) the confluence point will be translated
and A, and B, will be used to give

new values of A, B, ¢, 4, etc. Now the process is
repeated. This is done until ¢i - ¢i_r§ .5 degree.

If the iteration does not converge for i 10 , the
program will write out "ITERATION DOES NOT CONVERGE"
and will continue on. It has been observed that during
some computer runs the iteration did not converge but
continued on to the next step without any noticeable
effect to the results. Usually, if the iteration does
not converge, a smaller At is needed. This of course

cost more time on the computer.




REF: ENGINEERING PROCEDURE 5-017

E-1D-138(3-/0)J K-215)

J

oare _February 5, 1973  GOODYEAR AEROSPACE 'A%t

30

REV DATE CORPORATION GER- 15853
REV DATE o n CODE IDENT NO. 25500
3., Parachute Suspension Geometry

A typical parachute has many suspension lines.
To include the effect of each line separately is no
small task. Consequently, the suspension system is

assumed to be two lines as shown in Figure 9.

DLP_—__“4

TENS
FIGURE 9 - PARACHUTE GEOMETRY
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Since the parachute is symmetric, three quantities will
define its geometry (DLP, LS1l, LS2). The following

equations result from this input:

e = cos™ ' [(DLP? + LS1? - LS22)/2*DLP*LS1)] (123)
oz = cos™ ' [(DLP? + LS2? - LS12?)/2*DLP*LS2)] (124)
Lop = [(2%2)2 + LS1? - DLP*LSl*cos s:pl];5 (125)
v, = cosT (3" + L, ? - L82%)/(DLPL, )] - §  (126)
Kp = Lop cos Vo (1275”
§p = Lop sin Vo (128)

Like the bridle confluence point the suspension lines
confluence point can also translate. Summing forces

in two orthogonal directions, and assuming the system
to be in equilibrium, yields

= * ; * i
TENS*cos (u + vp) DLS,*KS sin ep1+ DLS ,*KS sin Epz (129)

TENS*sin(u + vp)=-DLSl*KS cos ep + DLSZ*KS cos Epz (130)

i
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G
Expressing (127) and 128) in matrix form, inverting and
solving for DLS,and DLS, gives:
cos(u + v._) sin € sin 5 DLS
TENS?Sln(U + vpj S{-cos ggl cos € —} {DLS (131)
DLS, TENS _ cos € _, -8in ¢ 2 cos(u + v_)
DLS KS*Sin(tpl + epz) cos egl sin ngA sin(p + vg) (132)

Using equation (130) LS1 and LS2 are calculated.

LSl = LSl + DLS, : (133)

LSs2 = 1LS2 + DLSz ‘ (134)

If these values are used in equations (123) to (128) the
confluence point will be translated as shown in Figure
9, and new values of Kb and Eé will be used in the
equation of motion. Unlike the bridle it is assumed
that neither side of the suspension lines will become
slack. This motion of the suspension line confluence
point is also included in the iteration process
mentioned at the end of the preceding Section III-2.

It is possible to allow each suspension line to stretch
independently, thereby providing a better simulation.
To allow the parachute to change geometry under load,
remove the "C" from the comment column of the card CALL
SUSPEN in the subroutine SUBR. This allows entry to
SUSPEN and provides for stretch in the suspension lines.
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4. Spring Constant of Elastic System

When both bridle lines are'in tension, the spring

constant for the bridle is given by:

Ko

KBL*XBT

[KBT*cos?2¢ + KBL*sin?¢ ]

(Ref Pg 28) (135)

Then the spring constant for the complete system is

K

2., *KS*

K¢

2.*KS + Ko

(Ref Pg 22) (136)

If one bridle line goes slack the spring constant

becomes either,

K

or

KSPKH1

KSPKH2

2*KS*KH1

2*KS+KHL

2*KS*KH2

2*KS+KH2

(137

(138)
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SECTION 1V - COMPUTER PROGRAM
1. Inputs
The format for all numeric inputs is 8F10.0. There
a couple alphameric inputs which use 20A4. The
following is a list of all inputs used to make a
computer run in the order read in.
ATMOS -~ Alphameric discription of atmosphere,
1l card
TIMEI - Alphameric statement, TIME SEQUENCE
OF INFLATION, 1 card
AREAI -~ Alphameric statement, AREA SEQUENCE
OF INFLATION, 1 card
TTI - An array of 16 variables representing
time inflation sequence, 2 cards sec
SSPI - An array of 16 variables representing
reference area of decelerator, So'
corresponding to TTI, 2 cards m?
MMA - An array of 16 variables representing
added mass associated with the decel-
erator corresponding to TTI, 2 cards kg‘
IIYP ~ An array of 16 variables representing
pitch moment of inertia of the decel-
erator cdrresponding to TTI, 2 cards kg-m2
TTG - An array of eight variables repre-
senting time for gust sequence,
1 card sec
VVG - An array of eight variables repre-

senting gust velocities corresponding
to TTG, 1 card

m/sec
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AAMP -

AALPE -

AALPPE-

CCa -

CCN -

CCM -

ccMQ -

ccap -

CCNP -

CCMP -

An array of eight variables representing

Mach number of the forebody, 1 card

An array of eight variables representing

Mach number of the decelerator, 1 card

An array of eight variables representing

angle-of~attack of the forebody, 1 card deg

An array of eight variables representing

angle-of-attack of the decelerator,

1 card

An array of eight by eight wvariables
representing axial force coefficients
of the forebody, 8 cards

An array of eight by eight variables
representing normal force coefficients
of the forebody, 8 cards

An array of eight by eight variables
representing pitch moment coefficients
of . the forebody, 8 cards

An array of eight by eight variables
representing pitch damping coefficient
of the forebody, 8 cards

An array of eight by eight variables
representing axial force coefficient
of the decelerator, 8 cards

An array of eight by eight variables
representing normal force coefficients
of the decelerator, 8 cards

An array of eight by eight variables
representing pitch moment coefficients

of the decelerator, 8 cards

deg

rad
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CCMQP - An array of eight by eight variables
representing pitch damping coefficients
-1
of the decelerator, 8 cards rad
TTENS -~ An array of 8 elements representing A
force in spring KS N
KKS -~ An array of 8 elements representing
the spring constant, KS N/m
X -~ Initial range of forebody m
Z -~ TInitial altitude of forebody m
THE - Initial pitch angle of forebody deg
THED - Initial pitching velocity of forebody deg/sec
\' - Initial velocity of forebody
GAM - TInitial flight path angle of forebody deg
HHH - Altitude below which trajectory ends m
THEP - Initial pitch angle of decelerator deg
GAMP - Initial flight path angle of decelerator deg
VP ~ TInitial velocity of decelerator m/sec
THEPD - Initial pitching velocity of
decelerator deg/sec
TOR - Maximum value of torque from the
reaction control system m-N
THEDU - Forebody's pitching rate at which
the reaction control thruster is
turned on giving a torque of TOR deg/sec
THEDL - Forebody's pitching rate at which

the reaction control thruster

begins to turn off

deg/sec
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DTVC

APBAR

XBAR

ZBAR

Iy

LTR

DP

MP

IYP

DTI

TI
DT1
DT2
DTP1

Length of time for reaction control

thruster valve to close

Distance from c.g. of decelerator
to confluence point of the

decelerator suspension lines

Lateral c.g. off-set of forebody

positive up

Longitudinal c.g. off-set of

forebody, positive towards nose

Aerodynamic reference area of

forebody

Aerodynamic reference length of

forebody

Mass of forebody

Pitch moment of inertia of forebody
Length of riser line

Damping coefficient of elastic
system

Aerodynamic reference length of
decelerator (same as Ref. dia. Do)
Mass of decelerator

Moment of inertia of decelerator
fully inflated

Inflation time

Initial time

Time inflation begins

First integration time increment
Second integration time increment
Number of integrations between
printout when DT = DT1

secC

kg-m?
sec
sec
sec

secC

secC




X-1D- 18{ 3-7V)() K-218)
REF: ENGINEERING PROCEDURE 5-017

DAt February 5, 1973 .

REV DATE

REV DATE

PAGE 38
GOODVEAR AEROSPACE (2% —orr

AKRON 15, ONIO CODE IDENT NO. 2550

DTP2

TDTC
TTT

LH1

LH2

A1BAR

A2BAR

B1BAR

B2BAR

Ls1

Number of integrations between print-
out when DT=DT2
Time at which DT1- DT2 and DTPl- DTP2

Time at which trajectory is ended

Length of first bridle line
(see Figure 7)
Length of second bridle line
(see Figure 7)

Distance along longitudinal axis

of the forebody from the intersection

of the body axes to the negative
harness attach point, positive toward
the nose (see Figure 7)

Distance along longitudinal axis of

" the forebody from the intersection of

the body axes to the positive harness
attach point, positive toward the
nose (see Figure 7)

Distance along lateral axis of the
forebody from the intersection of

the body axes to the negative harness
attach point, positive up

(see Figure 7)

Distance along lateral axis of the
forebody from the intersection of the

body axes to the positive harness

sec

secC

attach point, positive up (See Figure 7)Mm

Length of first suspension line

m
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Ls2 - Length of second suspension line m._
DLP - Distance between the two suspension
line connection points on the
decelerator m
KH1 - Spring constant of bridle line LH1 N/m
KH2 - Spring constant of bridle 1line LH2 - N/m
HEADER - Title card for plot
CONT - Condition card for digital program
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2, Output

At predetermined intervals (see inputs eee, fff), the
following data is outputed. Each term is defined in the

nomenclature,

lst row: T, X, XD, XDD, VD, GAMDEG, AM, TENS, PHIDEG,
QX, CA, CAP

2nd row: TORQ, Z, 2D, ZDD, VPD, GAMPDE, AMP, DAMP, PHIDDE,
QZ2, CN, CNP

3rd row: M, THEDEG, THEDDE, THEDDD, NA, ALPDEG, DYPR, LTO,
MUDEG, QTHE, CM, CMP

4th row: MP, XP, XPD, XPDD, NN, ALPPDE, DYPRP, LT, MUDDEG,
QXP, CMQ, CMQP

5th row: 1Y, ZP, ZPD, ZPDD, NAP, V, DP, LTD, CHIDEG, QZP,
K, CAAP

6th row: IYP, THPDEG, THPDDE, THPDDD, NNP, VP, RHO, DCG,
CHIDDE, QTHEP, C, SPI

7th ro : LAMDEG, A, B, PHI1DE, PHI2DE, ABAR, BBAR, NUPDEG,
APBAR, BPBAR, LOP, VG

When a simulation reaches TTT or HHH, the computer will
write out"RUN ENDED BY CONSTRAINTS." It will then attempt
to read in more data cards to initialize for another run.
If the first card read in contains a "1." in the first two
columns, the program will CALL EXIT. Otherwise it will
read in data starting from input (y) and proceeding to

input (www).
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Before beginning each trajectory, a list of variables

will be printed out which mostly define the initial

geometry of the system. These variables are defined

in the nomenclature.

lst row:

2nd row:

3rd row:

4th row:

LH1l, LH2, AlBAR, A2BAR, Bl1BAR, B2BAR, L1, L2,
bL, LO, BETIDE, BET2DE

EPS1DE, EPS2DE, ETAlDE, ETA2DE, SIGlDE, SIG2DE,
LAMIDE, LAM2DE, LAMODE, NUDEG, AOBAR, BOBAR

K, KSPKH1, KSPKH2, TI, DTI, THEDU, THEDL, TOR,
DTVC, LS1, LS2, DLP

LOP, LAMOPD, NUPDEG, APBAR, BPBAR, EPSP1D,
EPSP2D, DT, KH1l, KH2

Also printed out is the atmosphere used; the area versus

time inflation sequence; spring constant array, KKS(8),

and its tension array, TTENS({8); and the aerodynamic

coefficient arrays and their associated mach number and

angle of attack arrays.
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3. Fortran IV Program Description

A listing of the program may be found in Section IV-5,
A description of the main program and the subroutines

follows:

a. Maln Program

1) Read inputs

2) 1Initialize and define certain variables '

3) Call BRIDLE so that the geometry of the system
may be defined

4) Output data points on tape for later plotting if

T > TPLOT

5) Check time and altitude constraints (inputs ee
and hhh)

6) If constraint or output conditions are met,

write output

7) Advance the six coordinates through one time
increment (At) by use of Runge-Kutta numerical
integration

8) Check for increase in DT and DTP (input ggg)

b. Subroutine SUBR

1) Calculate acceleration of gravity at 2

2) Calculate torgue available from reaction control
system

3) Calculate gust velocity as a function of time,
and density and speed of sound as a function of
altitude '

4) Calculate total inertial velocity, Mach number,
and dynamic pressure of the forebody and

decelerator
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c)

d)

5)
6)

7)

8)

9)

Calculate flight path angle and angle-of-attack
Call AERO to determine the aerodynamics of the
system

Calculate bridle, riser, suspension lines geometry
under tension and iterate until the geometry
converges to one compatible to the tension in the
elastic system. After the iteration has converged,
the tension, damping, pull-off angles and rates
will be determined.

Call MATRIX to determine the equation of motion of
the forebody

Express equationsof motion of decelerator

Subroutine AERO

1)

2)

3)

4)

5)

Calculate the aerodynamic coefficients of the
forebody and the decelerator as a function of
Mach number and angle-of-attack

Calculate the generalized forces acting on the
forebody

Calculate the reference area, apparent mass, pitch
moment of inertia and total mass of decelerator
Calculate the aerodynamic coefficients of the
decelerator (CNP, CMP, CMQP) during inflation,
assumed a linear increase

Calculate the generalized forces acting on the

decelerator

Subroutine MATRIX

1)
2)

Define the matrices DD(i,j) and EE (i)
Call CROUT so that the equations of motion of the
forebody are separated into a form suitable for

integration

srion 11 om0 CODE IDENTNO. ____ 25500
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e) Subroutine BRIDLE
1) Calculate the geometry of the bridle, bridle
attach points and intersection of the body axes
of the forebody
2) Call SUSPEN so that the geometry of the decelerator
and suspension lines can be defined. '
3) Write out pertinent information about the geometry
of the system
4) Define the initial position of the decelerator
with respect to the forebody
f) Subroutine SUSPEN
1) Calculate the geometry of the decelerator and
suspension lines '
2) Calculate the position of the decelerator if
the suspension lines are allowed to stretch
g) Subroutine CROUT
1) Decouple the equations of motion of the forebody.
Equations (91) will be reduced to the form (92)
4, Sample Computer Run

Figure 10 shows Calcomp plots of 8 program output variables
versus time for a sample computer run. Immediately
following this figufe is a list of the input data used to
make this run and several pages of output,
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_ TORQUE __ ALTITUDE  VERTVEL___VERTACC . TOTACCP GAMMAP ____MACH NOP _ DAMPING . 2HID. Q1 . CN_ CNP
_ . _MASS _ " "YHETA ____ THEVEL __ YHEACC ____AX-G __ __ ALPHA____DY-PR ___LTQ .. My QVHE _ ___ . C4 __ ___C™MP._____ .
________ MASSP _ RANGEP HORVELP ___ HORACCP__ NOR=G _ _ ALPHAP _ “DY PRP LT ______ MUD____ . QXP _ __ . CMQ ______CMOP ___
e 1Y ___AALTITUDEP VERITVELP___VERTACCP __ AX=GP _ __ VELOCITY. e LTD L CHY Q2P K e . CANP___ -
1vp JHETAP THEVELE____LHEACLL_NDL.;L__VELGC.LIXLDLNSLIL__DCG____CHlJ QYHEP L Sp
LAMDA A — _PHIL __ ___ PHI2 _ ABAR _BBAR _NUP _ AP3AR __ _ BPBAR __ . LOP. __ 4___._-f‘UST VYEL__
L 0.0 T 040 . 45,3 ___ -=4.9. 9.9 . ~T6.0. 0.6 3485.7.___ 4.6 -441099.  -0.72111 ...0.50000. I
SRR s Y o S 60% 0 .. =-18l.9 ___ . -8, 6_____..._ boh . .. _. =T6.0 CDeb_ ______A.O.:)___A._. 0.0. . 10224%... . 3.1111_ . -0.0000
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e 0.0  6086.9 ___ -182.3 -8.% _ 155 -76.0 .. _0e6__ _ 589.1 ___  =0,9 _ 102548..__.3.0879____.0,0002 -
_..90482.20 _ _90.00 _____ 0,03 0.48 —0.87___ 166.10 _11530.1%5 ___ 15.24 ___ -0.02 . 226609, . 0,64014 _ o.oooo_______
. 2426.305  =25.96 45 .16 -5.86 0.50 04031144779 _15.26_____=0.90 _ _ =16628. =0.9 L =0.J1000.___
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€ GDODYEAR AEROSPACE_ PROGRAM_ ZKB36 —_—
€ ASSESSAENT OF LJADS FESULTING FROM PARACHAUTE DECELERATION_SYSTF® ol - -
T C T TCONVERTED FOR MSFC UNDER NASA CONTRACT NAS8-29144 T L . . —-
CIMPLICIT REAL*3(A=H,0=Z) . e e e e e e o
_____ REAL  TM(302),YA(302),V31302),YC(302),Y2(302), YE(302),YF(302), ___ o . e - B _
1_YG(302),Y4(302) yHEANER(14)
DOUBLE PRECTSION UAMIDE JLUAM2DE ,LAMUDE yNUDEG LAMOPD,KS, _ R e
TAKRSPKHZ G LRy MJ o MUD  LHE gL H2p L Ly L 29 L 0s LAML LAMZ,LAMO Y :
T 2,MUDEG y MUDDEG s NAP ¢ NNP o LAMy LAMDEG, LS1+L52,LIPyLAMOP, NJPyNJPDEG _ , ; .. - - z
T3 MG MPL LY, IYP LT, LT, L TCoNA S NNy K KSPKAL - e e e oot~ = o e e e
T4 MMA(16) M4, llYP(lb)oKBLoKdT'KHl KH2,KPAT,<KST(8) N . . — )
DIAENSION ATMOS(20) ,TIMELL20), AREAI(2D)
— COAMIN T DT Xy Lo XP o ZP ¢ THE THEP ¢ XDy LD 9 XPD ¢ ZPDy THED s THEPD GAM 4 GAMP,y
T LALP G ALPPy AN AEP, DY PRy DY PRI yRHO Sy SPy Dy DP g My WP, 1Y, 1YPGLT,LTO,LT D,y
T T20C69CoKyCApCNeCMyCMQyCCALB y15) ,CONIB,16) oCCHA(8,16)3CCMAB 4160 2 CAPYy
T3CNP,CHPL,CMAP, CCAP (8,16) ,CONP (3, 161,CCMP(8,16) (2TMIPL8By16) 4V VPGRy.
TURVAALG,4) 9DDU3,3) 4 EE(3) WFF(3),0X,02,Q%PyQZP,QTHE, QTHEP ) APBARy XBAR,y
T SZBAR, AAM(8),AAMPLA) JAALPE( 16) JAALPPE(16) , 1IN, 1QUT,
6DADTHE, UBDTHE  DADTHPY, DIDTHP, ASAR BBAR, Ay B0 CHI CHID MU MUY W PHT o SP Ly e e
TIPHIDGPHILPHI2 BETL3ET2,EPS Lo EPS2yKSPRHL yKSPKHZ2,LTRy DL,y i - - 3 -
 BSIGL,SIG2+ETAL,ETA2,TENS,DAYP, STHE,CTHE, STHEP JZTHEP LA JLH2,
9A18AR A2BAR BlBAR.BZBAk.bDWAR.AJBAh-LD'LI,LZ'LAWD.LAWl.Liﬂz NU,

COMMIN TOR, TAEDU, THED L, DTVC o TURA,BRID 1AM, Tl.CONF.DTl.coAB“_; -

g-

~ l,TTl(lb).SSPl(lb),LSl pL52,1L)P, LAMOP ,MUP, BPOAR JEPSPL, EPSP2:DLP K
29 MMA G MASTTS(B) ¢ VVG(H) (VG TIYP KBL JKBT yKHL yKH2,TTENS{3) 2K<Sy

T2 FORMAT(20A4)
7750 FORMAT (1HL, 9X, *TIME*, 6X, *RANG| o
1 TUTACC y6X o GAMMA® 45X *MACH NO®y3X, *TENSIIN®, 3X, *PHI*y 7X,y 10X,

— 28X, CRVVEX, TCAPY/TOX, *TORQUET y4 X VALTITUDE® 42X, VERTVEL" 43X, _

3'VERTACC!y3X, 'TOTACCP Y, 3y FGAUMAP T, 4X, TUAC NP, 2X, "DAMPING?
6Xy FTHETAY, 5X, _

4Xy VHORAZZ 14X,

S'THEVFL',éx,‘THFA»C"4X,'AX-“'.6X.'AL94A 1 SXaDY=PR®,5X,LTO" ,

C 67Xy 14T By FUTHE! 16Xy 1C4Y 48X, PCHPS /10Xy "MASSP ¥y 5Xy TRANGEP " 44Xy
THIRVELP® , 3X " AORACCP ', 3X,y *NOR-G*, 5X.'ALPHAP‘,1KL'DY PRP* ,4X,
VLT, 3X, tMIDY, TXK, TOXP Y, TX,y 'CMQY , TX, *CMAP T /L0X, 1Y ,8X,  ALTI TUDER® ,

91X, *VERTVELP? 42X * VERTACCP 'y 2X, AX=GP ¢, 5X, *VELICITY *, 2X, tDP ¢,
LB Xy LTV TX SCHI Xy *OZPY ,TXs P K 49X, *CAAPY /10X, LYPY ,7X, * THET APY, _ e
T 24X "THEVELP® ,3X, ' THEACCP*, 3X, *NOR=GP * 4X, VVELOZITYP ", 1X, *DENSITY? ~ _ -
3,3Xe*DCGY ¢ TXe*CHIDY ;5X, *UTHEP® ,5X,7C* 43X, *SP /10Xy 'LAMDAYSX, e
C4YAY,9X, B, 9Ky PHI L, 6X ' PHEZY 16X, PABARY J6X, P BBAR 46X ' NUP® ,TX, ; 1
5T APBAR?® ;5K *BPBAR® y5X 5 *LUP* TX, 'GUST VEL*//)
51 FORMATU8X,F8.3,1Xy8(F9.1,1X),F9.0,2X,2(F845,2X)/_ : ' t

18X,9(F3.1,2X),F9. 0 1Xe2(F8, 4'2X)/ : —
____28XOF8 2+2X98(F8. Z'ZX)vFID N Z(FS by xy e ,,.,.,.—,—,—— -
T 3BXeF3.342Xy 8(F8.2,2X) oF 940, 1X92(FB8.4,2X)/ : - :
47Xy F9.092XyBIFB.1,2X)3F9.0,1XgF9.Uy1XsFB.1/ R
58Xe6(FIa29 LX) 9yELDe492(FBe2 92X ¢FI091Xp2(F8.2,2X)/ i
68Xy 12(FB.2y2X)/)

52 FOKMAT (//7/20X, *RUN_ ENDED BY CONSTRAINT®//)
53 FORMAT(/10X,8F10.3/10X,8F10.3/)
55 FORMAT(/10X, ¢SHUTTLE ROCKET MITIR',5X,20A%)

56 FORMAT(/10X,20A%)

LS abeg

€68GT ¥AD




___5B_FORMAT{1H , 10X, *SPRING CONSTANT ARAY, <KS(8)*'/)

59 FORMAT(IH 2l

61 FORMAT(13A6,
TIN=5

10UT=6

0X,8(F10.11/)

60 _FORMAT(1H ,10X,*'SPRING CONSTANT

TENSION APRAY, TTENS(8) /]

A2)

__READ(TIN,2)
_____ READ(TIN,2)
T TUREADITING 2)

_READITIN,1)
TTUREADITING L)

READ(TIN, 1)

TATHNS

AREAL
TTL,SSPLMMA, LIYP

TIME!

TTG,VVG

AAYM, AAMP, AALPE s AALPPE

DD 20 I=1,16
AAIP(I)‘AALP

20 AALPPLT)=AAL
READ([[V | @ N

READ(IIN 1t

READ(IIV,l)(

READ(IIN:I)

E(1)/57.2958

PPE(1)/5742958

(CCALL4J)9d=1,16),
((CV(!oJl.J 1,16),

(CCMP(loJ)-

TTﬁN\ KK§

105 READ(TIN, 1)

IF(XaFQal4)

TTREADCLING L)
READ(TIN, 1)
“READ(IIH,1)

READ(IPhl)

'Z'THE THF” Vyu MLH_H

GU T 300

THEP,GAMP VP, Tt

TOR, THEDJ y THEDL,DTVC

APBAR,ngg_;BAR

Syl) ‘1lY lTRpu

— READ(TTIN, 1)
READ([!V.I)

READ(1IN, 1) LSL,LS2, DLglghllﬁHZ

READ([lNobl)
_READ(ITIN,2)

DPyMPLIYP DT, T1

TyDTl DTZvDTPl'DTP

READIIIN, 1) LHlleZ.ALUAQ A2BARLBLBAR,B2BAR

2TDIC,TTT

HEAOER

CONT

T THE=THE/5T.2
GAM=GAM/ST. 2

953

958 .

THED=THED/57.2358
THEP=THEP/S7.2958_

THEPD= THEPD /57, 2958

GAMP=GAMP/57.2953

XD=V&DCOSIGAM)
ZD VEDSIN(GAM) |

XED VP*DCOS(GAWE[_
ZPO=VPENSINIGAMP)

R= 6378377,

GR= 9.8054160

8¢ oabeg

c GR=32.17

C R 20925435,
DT 0Tl
DTP DTPI -
_LTO=LTR

€68GT ¥ID
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MA=0,
_.CONF=0Q,

TCALL BRIDLE
_ WRITE(IOUT,55) ATMOS
WRITE(LIOUT,56) TIME]

_ WRITE(IOUT,53) TTI

TWRITE(IUUT,56) AREAL

TWRITE(17UT,53) Ssel
WRITE (IOUT,58)

CWRITE(IDUT, 59)(KKS(T) 5[ =1,8)

CWRITE(IIIT,60)
WRITE (100UT,59) TTTENSIT) 151,81

17 FORMAT(1H1, 10X, *AFRODYNAMIC PARAMETERS'/7Z) o

18 FORMAT(10X,'FORBODY AMGLE OF ATTACK ARRAY, AALP(16) DEGREES'/)

16
3

FORMATULLX,8F8.3/7)
CFORMAT(2(1X,8F8.37)) 7 T
4 FORMATULY 2L0Xo "MACH NUMBER ARRAY,; AAM{3)'7)
5 FORMAT(14 ,10X, 'FURBODY AXIAL COEF, ARRAY, CCA(B,16)'/)
6 FORMAT (16(1Xs8(F3.4)7))
7 FORMAT(IM ,10X,*FORBODY NARMAL COEF,
'8 FORMAT(1H1, 10X, *FORBIDY PITCH_MC Ly
"9 FORMAT(1IH ,10X,*FORBOUY PITCH  C: RRAY, CCMI(B,16)'/)
10 FORMAT(IAL, 10X, "AFTUODY _ANSLE OF ATTACK ARRAY, AALPP(15) DEGREE'/)
11 FORMATLLIH , LGX, 'AFTBIDY MACH NUMBER ARRAY,AAMP(8)'/)
712 FORMAT(LH ,10X,*AFTRODY AXTAL COEF.

CCML8, 1601 7)

RRAY, CCAP(8B,16)"'/)

13 FORMAT(LIH ,10X, ‘AFTBODY NIRMAL COEF.
14 FORMAT {1H1, 10X, "AFTBIDY PITCH MOM LQOE

ARRAY, CCNPI(8,15)'/])

. ARRAY,ZCMP(8y16)07)

15 FORMAT(IH ,10X,*AFTBODY PITCH_DAMPIN
_WRITE(IDUT,17)
T WRTTE(IDUT, 18) )
TTUWRITE(LOUT,3) (AALPE (J) 4J=
_WRITE(IDUT, 4) B
T WRITS(IOUT £ 16) {AAM{ )
__WRITE(IOUT,S) .
wRITF(VuT.bljugALhJ).J 1:16)20=1,8)
CWRITE(IOUT,7) —
WRITECIOUT, 6) ((CCNTTdTsd=1v16) 11 28)
T WRITE(IOUT,8)
WRITE(IOUT,6) ((CCM{Tod) yd=1916) 90=1,8) . e e e et e e
WRITE(IOUT,9)

COEF. ARRAY, CCMuP(8, 161771

CWRITE(IOUT,6) {(CCMQUT 41U}y J=1,16),1=1,8) A :
_WRITE(1OUT, 10}
WRITE(IOUT,3) (AALPPE(J)ed=1,16)
CWRITE(IOUT.11)
WRITECIOUT,16) (AAMPL J) 4J=1,8) ' —
CWRITE(INUT,12) . =

WRITE([OUT,6) ((CCAP(T 30) ,J=1,16) 41=1,8) .

NRITE(IOJT'IB) o

CWRITE(IDUT+6) ((CCNPIT 3 J) s J=1,16)91=1,8)
___ WRITE(IOUT,14)
ARITE(LOUT,, 6 ({CCMP(T,4J)yJ=1,16),1=1,8)
_WRITE(IOUT,15)
WRITELIOUT,6) {((CCMQP (I 4J) 4d=1,16) ,1=1,8) .

65 9beg
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19 TORQ=0,.

~ THEDU=THEDJ/57.2958

_ THEDL=THEDL/57.2958

~ _Dprec=0.

. CUONS r=f_l,c

JJJ=1

JJ=1

T WRITELIOUT,S0)

7799 IF(Z.LT.HHH) CONST=0.

TIF(T.GT.TIT) CUNST=0.

1F(JJ.ED. 1) GO T 1ol

DIPC=DTPC+L .

IF(DTPC.LT.DTP) G0 _T0_102

__JJdd=33a6L

TToreC=0.

T 1F(JJI.LEL6) GO TO 101

;NRITF(IOJTLSO)__

JJd=1

_ 101 CALL SUBR

_THPDVE= THEPD*57 2958

" THEDDE=THEN*57. 2958'

ALPDEG=ALP#67,2958

_ PHIDEG=PHI%#57.2959

GAMDEG=6AM®¥57,2958

THEDEG=THE%57.29538

__ THPDEG=THEP*57 ,2953

GAMPDE=GAMP%57,2958

ALPPDE=ALPP#57.2958

PHIDDE=PHID*57.2953

MUDEG=MU%57.2958

 MUDDEG=MJD®*57.29%8

CHIDEG=CHI#57.2958

CHIDDt CHIND=*57.2953

_LAMDEG=LAM®57.2958

_NUDEG=NU*57.,2958

NUPDEG=NUP*57. 2958

PHILNDE=PHIL1#57,2958

TPHI2DE=PHI2%57,2958

DCG=DSQRT{(X-XP)*%2+{ 1~-1P) **2)

XDD=EE(1)

IDD=EE(2)

THEDDN=EE(3)*57.2958

XPOD=FF (1)

IPDD=FF(2)

NAP=(XPDD*CTHEP+ZPDO®STHEP )/ GR

_NNP=(ZPDD*( THEP-XPDD*STHEP)}/GR

NA= (XDOD*CTHE+ZDU%STHE )/ GR

NN=(ZDD#CTHE=XDD*STHE )/ GR

THPDOND=FF(3)%57.2958

CAAP=CAP*SPI

VD= DSJRT(XDD**Z*ZDQ**Z)

VPD DSQRT{XPODX*2+7ZPID%%2)

€68GT ¥HD

WRITE(IOYT,51) T,XyXDyXDDy VD, GAMDEGyAMy TENS, PHIDE 3y QXy CAsCAP, TORQ o

1z, ZDchD,VPD,GAMPDE,AMP,DAMP.PHIDDE.QZoCNvCNP;M.THEDEG,THEDDE,

09 °bed

PR R N

YN U N



2THEDDO,NA,ALPDEGy DYPR,y LTIy MUDEGyQTHE ¢ CMyCMP o MPy XPy XPD ¢ XPDD oNNy e . o
. 3ALPPOE »OYPRP LT yMUDDEG, QXP ,C 42, CMQP, 1Y 2P, ZPD, . ZPDD NAP V0P LTD, _ o ) e
4CHINEG, 2P, K,y CAAD, LYP, TH")Fu'_THF’_DD_E e THPIDD G NNP g VP o RHD G DCG ,CHIREy o . O
o SQTMEPC,SPILAMDEGyAy By PHILDE, PHI20E, ARAR, BBAR ) NUPJEGAPBARWBPBAR,y ol
T6LOP VG T T T
L=L+1
T wmaEr B} — - T
Cyatu=z s TT T — T T I
____*_YH(L)-DY?_R____ » o __ e _ I
R 1A T I T T T T T e
e YDUL)=TENS e o e o
YE(L)=THEDEG ~
e YF { L) =THEDDE e . . e e
T YG(L)=GAMDEG o e
T TTYMto= aueDEG R - ~ T I
T w2 T N N T T T T T
— T102 IF(CNST) 103, 104, 200 _ o i o o e
200 CONTINJE
e TCALL !'LTKAJ(TM YA YByYCoYDoLoelOy14442,45,HEADER) e e

CALL PLTRAJUTMoYF YF Y6, YH,L ,10¢741146,8,HEADER) e o
6o m1as_ T T o
104 WRITE(I)UT,52) - - i -

_CunsT=1. S

60_T0 10l

103 DO 74 J=1,4 : ) ’
_ CALL SUBR

R 1o I A O N - - - B —
15 AALL,J) = EE(I) 0T I
T D0 76 T=4y5 o -

76 AALILJ)=FFLI=-3)DT
GO TN (T1472473,74) 44 — . _— .
TUT1 X=XexDEOV/2. i .

C1=L+I0%01/2. '
THE=THE+THED*DT /2.
XP=XP+XPO®OT/2, -
IP=70+2PD¥DT/2,

THEP=THEP+THEPD*DT/ 2. : S
XD=X)eAA(L,1) /2. . —
ID=IDMAA(2,10/2. N
 THED=THED+AA(3,1)/2, . . -
__XPD=XP+AA(4,1) /2,
“IPD=1PD+AA(S,1)/2, i .
THEPD=THEPD+AA(6,1172. .
T y=ve0T/2,
G0 TD 74
T2 X=x+AA{1,1)%#DT/4,
1=I+AA(2,1)%DT /4,
THE=THF+AA(3,1)%DT /4,
XP=XP+AA(4,1)%0T/4,
 IP=2P+AA(5,1)%¥DT/4.

THEP=THEP+AA(6,1)%DT/4.

XD=X0-AA(1,1)/2.+AA(1,42)/2.

ID=2D~AA12y1)/2.4AA(2,2)/2,
THED=THED-~AA(3,1)/2.4AA(3,2)/2,

19 °beqg
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XPD=XPN-AAlG,1)/2.4¢AA(4,y2) /2,

1PD=1PD- ~AALS, 1172, *AA(D:Z){Z.

__THEPD=THEPD-AA(641)/2.+AA(6,42) /2.

= Z*DT‘(ZD/Z.—AA(Z 1) /4. *AA(Z.?’/4.)

T THE=THE®DT®(THEN/2 c=AA( 3,107 4. +AA(3421/4% )

XP XP*)T*(XPU/Z.-AA(Q.I)/Q.GAA(4.Z)/4.)

Zp LP4NT*{ZPD/2.-ANS,1)/4.+AA(5,2)/4%.)

"THEP= THFP*DT*(THLPD/Z.—AA(b.l)/4 YAA(642)74.)

'xn X)=AA( L, 2)/2.4AA(1,3)

=I0-AAL2,2)/2.4AA12,43) . -

rﬁ?ﬁ"ruzn SAAU3, 20720 2003,30)

T XPO=XPD~AA( 4y 2) /2 AN 4,3)

ZPD=LPU~AA(S,2)/2+AA(5,3)

THEPD=THEP )~ \A(h,?)/Z fuﬁ(b,?)

T= T¢DT/2.

T4 _CONTINUE

XD=X0=-AA(1,3)

ID=1ID-AA(2,3)

THED=THED~ AA(3v3) N

T XPD=XPD-AA( 4, 3)

IPN=IPD-AA(5,3)

THEPD =THEPD~AA(G,3)

X=X-OT#(XD+AA(Ly20/2,)

1=2-0T# (ID+AAL2,2)/2)

_ THE= ch—WT*(THEQ*AA(3,Z)/2-)

— xp=xo- DTEXPD+AAN(4,2)/2.)

Eh—'w——lp IP=-NT&{ZPD+ \A(SyZ’/Zo)

THEP=THEP-DT* (THEPN+AA(6,2)/2.)

X=X HXDFOT #(AA( Ly 1) +AA(1,2)+AA(1,3))%0T/6.

L=Le0%ITH{AA(2,1)+AA(2,2) +AA(2,3))%DT/6.

THE=THE+THEO*OT+(AA(3,1)¢AA(3,2)+AA(3,3))*]T/5,

XP XPeXPDEOT +(AAL4,1) +AA(G 2)*AA(4.3))*DT/6.

ZP LP+ZPO*DT+(AA(S,1) +AA(S,2)+AA(5,3))%DT/6,

THEP= THEP#THFP) #DT+(AA{ 6,1} +AA(6,2)+AA(6,3))%DT./6,

L XD=XDe(AA(L oL )+2 . *(AA(L,2)+AALL,3))+AALL,4))/6,

Z0=ZI)#LAA(2,1)4+2.%(AAL2,2) +AA(2,3)) +AA(2,4))/6.

CTHED=THED+(AA(3,1)¢2. %¥(AA(3,2)+AA(3,3))+AA(3,4])) /6.

L XPD=XPO#LAA(S 3 L) +2 .2 (AA(4,2)+AA(493))+AA(4,4))/6.

ZPD=IPO+(AA(5,1)¢2.%(AA(S, Z)GAA(5.3))0AA(5,4))/6.

THEPD=THEPD +(AAL6,1 142, 2(AA(6, 2)+AA(6,3) ) +AA( 61 4) ) 7 60

. TF(T.LE,TDTC) GO 10 99

DT=0T2

DTP=DTP2

.60 10 99

900 CONTINUE_

CALL_CALEND

sSTOP

END __

Z9 obed

SUBROUTKNE _SUBR

IMPLICIT REAL*B(A-H,0=2)

£€G8ST ¥dAD

DOUBLE PRECISTUN_ LAMIDE LAM2DE y LAYODE (VUDES 4LAMOPD ,KS,

IKSPKH2 yLTRyMUZMUD gL HL gy LH24L1,L2,L0sLAML, LAM2,LAMO,NU

IR THR S OO SR



2+MUDEGy MJODEG yNAP yNNP o LAY, LAMDEG LSLsLS2,L0OP,LAMOP,NUP,NUPDEG
B Mo MP I Y TYPo LT, LTO,LTO yNAYNNy Ky KSPKRIHL

. 4 MMAL 16D MALTIYPUL6) yKBLeKBT KHL sKH2 yKPHI,KKS(8) _ e e
- T OCOMMON Ty DT ¢ XeZgXPy 2Py THE, THEP g XDy L0 XPD 3 2P0y THEN, THEPD ; GAM,GAMP, _

 1ALP,ALPP,AM,ANP,DYPR, DYPRP yRHI ¢SSP DyDP My MP o LY, [YP, LT, LTO,LTD, .
20§§1§151£A1§U1Qﬂl&iﬂ@QQA(84l6l;CCﬂ(8416L4CC“(d:16).CCMQ(S:lé);CAP.
3CNPGCHP,CMUP Y COCAP(8416) sCCNP{8410) o CCMPLB,L6),CCMIPLBY16),V VP ,G],
ARG AA(DB4) 9 ID(343)9EE(3) 4FF(3)4AXeQZ4QUXPyQIPyQTHE)QTHEP ) APUAR X34, |
TSIBAR,AAA(B) L AAMP{B ) AALPEL L)+ AALPPE(16) g 1IN, I1DUT,
T ONADTHE o DBDTHE ¢y DALTHP, DEDTHP, ABAR B3 ARy Ay 8o CHI, CHIDy MJ, 4D, PHI 5 SP1 4
 TPHIDGPHI L PHI 2y BETL4BET2,EPSLyEPS2yKSPKAL ¢KSPKH2 ) LTR DL,

" 8ST1GL,S 152, ETALy FTA2,TENS,NA4P, STHE,CTHE, STHEP 42 THEP y L 1LH2y - - o -
O9AIBAR,A2DBAR,RIBAR ,B20AR yBO3AR,) ADBAR (LI LL,L2,LAMO,LAMI,LAM2,NU, 6
T T T COMMON TOR, THEDU, THENLyDTVC s TORQ /BRI yLAM, TLyCONF ¢TIy CDAB T
T T L TTH(1A) 4 SSPI(L6) 4LS14LS2,LIP,LAMIP,NUPy BPBAR, EPSPL, EPSP2,DLP ¢KS
T 2, MMA L MA L TTIR) ,VVGIB) VG, I TYP KBLKBT yKHL yKH2  TTENS (3] 4KKS, o } T
T T O3CONT (200, AALPLL6) s AALPPILE) T T ) i o o oo
qrr=1_
T T TGesGRe(R/(ZeRN Ee2 T __ _ . - -
€ _REACTION CONTROL_ SYSTEM e S -

T IRLTOROLEDL0.) GD TO 49 T
IF(THED.GT. THEDL) GU TO 48
_ " IF(THED LLT.~-THEDL) GO 10 47
- IF(T-TC.GT.DIVC) GN TO 40
T T IF(THEDLGT.0.) TORQ==TORE (L.~(T=TC)/DTVC)
T IF(THED.LT.U.) TIRQ=TOR%(1.~(T=TC)/DTVC)
Y I Y
48 TORQ=~TOR
e TE=T e e e e e, :
T oo To 42 B ’ : : . T T
T &7 TORQ=TOR -
sy T
GO TN 42
49 1F(THED LT THEDU-AND. THED. GTo—THEDU) GO T0 40
. TF(THED.GT,THEDU)_GO _TQ_ 41
T TORW=TOR
TC=0.
60 1o 42 T
41 TORQ=-TIR
1¢=0.
60 Tn 42
40 TORQ=0.
42 CONTINUE
__TORQ=0.0
1=2
400 IF(T.LE.TTG(I)) GO _TO 401
I=rel
— .60 .10 400 :
401 TSL=(T-TVGLI=-1))/4TTGLI)-TTG(I-1))
_ VG=VVGII-1)+(VVG(I)-VVG(I-1))*TSL
__ CALL DENSM{Z,PR,RHO,VS)
C CALL DENS{Z,PR,RHO,VS)

€9 °bed
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V=DSQRT(XD*%242D%%2)

Vp= DSQRT(XPD’*Z*LPO“Z)

AM=DSQRTI{XD- VG)‘*Z*ZQ‘*Z)/VS

AMP=DSQRTI( XPU-VG)€#2+ZPJ*%2) /NS

DYPR-.S*RHO*((KD VO #22420%%2)

__DYPRP=,5%R402({XPN-VG)* &2 +72PD*%D )

T STHE=NSIN(THE)

_CYHE=DCAS{THE)

SYHEP-)SIN(TP Py

TCTHEP=DCOS(THEP )

GAM= DATAN2(ZD.,X0D)

GAMP= WATANZ(ZPJ,XWH

ANG= DATAN2 (LU, (XD=VG))__
IFIANG.LT.0.0) AlG= ANG* 5.2331854

T 7201 THEA=6.283135%4THE

T  ALP=THEA-ANG _ -
U IF{ALP.GT.3.1415927) ALP=ALP-6,283185
T ANGP= DATANZ2{ZPD, {XPD=-VG))

— TF(ANGP.LT.0.0) ANGP=ANGP+6.2331854

T 7301 THEPA=6.283185+THEP

_ALPP=THEPA-ANG?

CIFCALPP.GT.3.1415927) ALPP=ALPP~6.283185

T 700 caL aern

c
_C __BRILLE, RISER, SUSPENSION GEOMETRY
c

—ARA%*STHE BBAR*CTHE

AP Xen-~ APBAR*THEPD*STHEP BPBA?*THEPD CT4EP-XI+ABARSTHEDESTHES

lRBAR*THFD*CTHF

e BO=ZPN+AP3AR*THEPD*( THEP-BPHAR* THEPO* STHE P~ZD-ABARSTHEN*CTHE

LT=DSQRTIA*2¢3%22)

TF(LT.LT.LTO) GO _YQ_35

T TENS=KE(LT-LTO)

60 _T0 36

35 _TENS=0.

~ 36 CHI=DATAN(A7B)

MU==1,5T707963-TAEP-NUP-CHI

PHI=_1.5707963~THE=L AM=CHI

T AF(B.LT.0.) MU=1.5707963-THEP-NUP—=CHI

1F (Bl T.0.)PHI=4.7123889-THE=LAM=CHI

20 PHIB=PHL

I1=2

600 IF(TENS.LE.TTENSII)) GO 70 601

1=1+1

60 TO 600

601 TENSL‘(TEVS “TTENSUI-1))/(TTENS{I}-TVENSII-1)})

KS=KKS(I=1)+(KKS(I)-KKS (I=1))*TENSL

KSPKHI (2,%KS*KHL) /(2 *KS+KH1)

KSPKHZ—(Z t¥KSBEKH2 )/ (2 «¥KS+KH2)

y9 °®beq

_ _ IF(PHI.GT.PHI2.0RePHI 4L To~PHILl) GO TO 15

€G8GT ¥HED

 oL1= (TEVS/(KH[*DSIN(SlGlfSlGZ)))*(-DSIN(P*I)*DCOS(SIGZ)

1 +ocns¢pn1)4051u(5102);




i
;N

+- S
T b= (TEVS/(KHZ*QSIN(SIGIOSIGZ)))*(DS[N(PHI)*DCOS(SKG[)
1 +DCOS(PHII®DSIN(SIGL))
T TTTTiH=wHIeOLY L - e
- LH2=LH2+DL2 - _ _ .
. CALL BRIVLE . __ —— e —
LH1=tH1=-0L1
e w2=tH2-nr2 _ e
T pmamrssusAR T . - - N
e __._ABAR=AYUBAR . e e L B
e PHIL=STG1 . e .
T T PHI 225162 e
KPH[ KlL#(BT/(KBT*(D OS(PHI))**ZfKBL*(DSlN(PHl))*‘2)
o K=2.#KSEKPHI/ (2.*KS+KPHI) o e
e LYORLYR e L e R
CLAM=NU _ e e e
60 2 Y& o e i S
IF(PHI.LT.=-PHIL) GO TO 15 o e T,
ABAR= A2DAR
 BBAR=B2BAR o
_LTO= LTR*LHZ I e
T R=KSOKH2 B B o
... PHIZ=ETAZ2 _ o e
e oLANMELAM2 L
1F(LAM,. QL13 1415927) LAM= | AM2-6,28318531
_,____MW.GO Tl 14 o e
.16 ABAR= AIBAR e e
—————e._.. BBARS= WIBAR .
o LTUSLTReLHL R e .
_K=KSPKHL - - .
14 DLSI—(TFNS/(KS*DSIV(EPSP1+EPSP2)))*(DCDS(EPSPZ)*DCOS(WUfVUP)- s
__IOSINCEPSP2) «DSIN(MU+NUP)) =
e DLS2={TENS/IKS*DSIN(EPSPL+EPSP2)))*{DCOS(EPSPL}*DCOS(MU+NUP)+ I i
. e IDSIN(FPSPI)*DSIN(MUGNUP))
LS1=LS1#OLS]
. LS2=1LS52+nLS2 _ e o ~
_ € CALL SUSPEN L o . e
LS Y1=LSYE-OLSY _ e
R LS2=1S2-DLS2 o e .

__A=XP+AP3ARE CTHEP-BPBAR® STHEP-X—ABAR*CTHE f_BBAR*Sl'HE

T B=2P+APBAR®STHEP+BPBARYCTHEP- z ~ABAR®STHE~BBAP¥CTHE

AD=XPN-APBAR*THEPD*STHEP- BPBAR #THEPD*CTHEP-XJ+A3AR*TAED*STHES

T 1BBARSTHED®C THE

..BD= pr)*APBAR*THEPD*CTHEP ~BPBARTHEPO*STAEP-ZD~ ABAR*THED%C THE+

18BAR®THEN*STHE

T LT=DSART(AR¥24B%%2)

=(A*AD+B2BD) /LT

ATAN(A/8)

T MU==-1.5707963-THEP-NUP-CHI

PHI= 1.5707963-THE-L AM=CHI

T IF(BLLT.0.) MU=1.5707963-THEP-NUP-CHI

g9 °abeg

IF(B.LT.0.)PHI=4,7123889-THE~LAM~CHI

CHID=(B*AD-A%*BD)/ (LT%*%2)
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_MUD=-THEPD-CHID _

PHID —THED—CHID

lF(LT LT.LTO) GO TO 30

TEVS K*(LY LTO)

T DAMP=CELTD

60 To_ 31

30 TENS=0.
DA4P=0,

3V ILi=Iel

lF(llI.GT lO) WRITF([CUYISO)

lF(I!l.uT ,10) GO TN 19

50 FORMAT(20X, *ITCRATION DOUSS NNT _CONVERGEY)

[F(DAAS(PHI-PHIB) .GT..0083) G) T3 20

T .19 DADTAS=ABARSSTHE+RBAR¥CTHE

_DBOUTHE=-ABARXCTHE +3BAR® STHE
DADTHP=-APBARSTHEP~ BPBAK*CTHEP

DADTHP=APRAR®CTHL P~BPRAR*STHEP
CALL MATRIX

Ff(l)—(-(TENS&DA‘P)*A/LT+ XPY/ P

_FFL2)=(-(TENS*DAP)*3/LTeQZP)/ MP=GE:(fMP-MA) /MP )

FE3)=(=({TENS+DAP )X ( ARDAD THUP+H*DBD THP) /LT+Q HEP) /1Y

_RETURN

T END

___SUBROUTINE AFRD

TMPLICIT REAL®8 (A=H,0=Z) o

DOUBLE PRECZISION IAMLDE JLAYZOE JLAMOUE JNUDEG g LAMOPD s KS y

__AIKSPKHZyLTR MJ s MUD, LHL, LHZ yL1loL2,0LQ,L AM]1,LAM2,LAM0O,NU

2y MUDEG s MUDDEG ¢ NAP yNNP 4 L AN, LAMDEG, LS ¢LS2 s LIPy LAMOP, NJP, NUPDEG

_3eM ,H",IY IYP LTy TD L TOsNA JNNyK9yKSPKHL

4 MMA(LS ) MA, TIYP(16),KBL,KBT JKH1,KH2,KPHT,XKS(8)

CCOMMON T, JT.K ZyXP 2P THE, THEP XD,ZD,XPD,ZPD.THED,THEPD . GAM, GAMP,

ZDCGoC K CA CN CA,L\Q,(C\(B lb),CCN(q 1%) CCM(B,lb) cS WJ(B lé)lvAp'

3CNP'CM°,DMJP CuAP(ﬁ'lb),CCQP(B,IG),C’MD(8916).CCMDD(S,lb)yV,VP'GR'

AR AALG14) DDLUy 3), EELR) FF(3) QX 02 eQXP QL2 ,QTHE ,QTHEP , APBAR, XBAR

SIBAR, AA«(8),AA4P(ﬂ11AALPk(lﬁ)nAALPPE(lb)1llN110JT|

6DADTHE  DBDTHE yDADTHP , DBDTAP yABAR yBBAR gA ¢ BoCHI yCHID MUy MUD 9 PHI 4SPIy

TPHID, PHll.PHIZ.BCTl,BETZ FPSLyEPS2yKSPKHL1sXSPKH2yLTRy DLy _

NS, 08MP, STHE ,CTHE, THEP yLHL jLH2

8SIGL,SI1G2,ETAL,ETA2,TENS,DAMP ,STHE,CTHE, STHEP N
SALBARA2BA,B13AR, B2BARy BODAR ) AOBAR,LOsL oL 2,LAM0,LAML ,LAM2 ,NULG

_.COMMON TORyTHEDU, THEDL,OTVC,TORQyBRIDy LAM,TI,CONFDTT1,C0AB__

1, TTI(lb)gSSPl(16L1L51.LSZ.LOPILAHJP s NUP,BPBAR 4 EPSP],EPSP2,OLP,KS

2eMMAGMASZTTGIEB) ) VYGIB) yVGy T1YP KBL ¢ KBT gK41yCH2, TTENS(8) ,XKXS,

;QQQNTSZQQ!A&LEilélzéALppllb)

=2

500 IF(AML,LE.AAM(T)) GO TO 501

_I=1+]

501 AMSL={AM-AAM(I-1))/{AAM(T)}—-AAM(]I-1]))

J4=2

600 (E(QAgS(ALP).LE.AALP(J)) GO TJ 601

=J+l

GO Ta_600

601 ALPSL=(DABS (ALP)—AALP (J=1) )/ (AALP(J)-AALP(J=1))

€98ST ¥dD
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- CA=(CCA(T4J-1)-CCAGI=1,4J-1) ) *AMSL+ZCA(I=1,J=1)+((CCA(I,J)~ o
T TTTICCALI-L o)) *AMSLACCATI= Ly J I~ (ICCATTI J-1)—CCAL -1y d-1) } #AMSL+ o S
T CCA(I-1,J-1)))=ALPSL _ . I e e i
T CN=(CCNU T d =10 -CONC I =1y =1} ) ¥AMSL4CCNIE =1 pd= L)+ LACINT 0= o _
T TTTICCN(I 1 s ) Y S AMS L CONC T =1, J)=((CON(TyJ=11~CON(1=1,J~1)) %AMSLS _ e
20CNUTI-1540-01))) 3ALPSL
- CM=(CCA{Tad=1)=COM{I=1,J=1) ) EAMSL #CCMUI=1,J=1)+({2oM(1,d) = :
T TTICCMUI—L, J) ) EAMSLeCCMU T~ J )= (CCM( 4 d=1) CCM([—[,J L)) SAMSL + . .
4 S o N O S B L O b B B Y U S — . e
i::__"~__CMQ=(CC4J(I.J-l)-CC%Q(l-l.J—L)X*AMSL}C;MQ(lfl.J-L)é((CCMQ([,J)1“ — . . -
1CCAN LT~y J 1) eAISLACCMOUI=1,J)-{(CCMQIT,3-1)~CCH40(I=-1,4-1))%AMSL*
eccMall-leJd=1)ddEaLese - N - . -
T IFLALPLLT.0.) CR=—CN e T - ) e
- CIF(ALPLLT.O.) CM==-CcM T B B - _
e I=2 N e e I } e e - e et
700 IF(AMP.LE.AAMP(I)) GI TO 701 , -
=1+l __
GO TH 790 . - i i - ~
701 _AMPSL=(AMP-AAMP (1-1))/(AAMPI L) -AAMP(I~1}) - A -
=2
800 IF(DA3S(ALPP).LE.AALPP(J)) GO TO _ 801 - e e
N VR 2 . e et o e o e e -
GO TN 800
- . BOLl ALPPSL={)ABS(ALPP)-AALPP(J=1))/(AALPP(J)-AALPP{J-1)) - —_
e CAP=CCAP =) =CCAP I-1 0= ) Y BAMP L4 AP = L,y - L) L AP g I ) =
S CLCCAP(I=1,J) )¥AMPSL¢CCAP(I=14)=({CCAPLT,J=-1)-CCAP(I~-1,J-1))%AMPSL* ——
T o2ceAPt-L,J-1)))eALOPSL i S _
T CNP={CCHNP(1,d=1)~CCNP(E=1,J=1) ) *AMPSL+CCNP(I~1yJ=~1)+{(CCNP({T,J)— T o
LCCNPLTI=1,J) ) ¥AAPSLECINP (1= 1, J)~{ (CONP (T, J=L)=CCNP(I=1,J~ 1)) #AMPSLE
T2CCNP T, J- 111 #ALPPSE -
 CMP=(CCHAPIL ,J~L1=-CCMP(I-1, 1))*AMPSL+CCﬁP([_1,471)&((CCWP(I,J)— _" -
CLCCMPUE=1,J) ) #AMPSL#CSMP LI - 1,J) = ({CCMP UL, J=L)=COMPIL~-1,J-1})%AMPSL* o
2CCHMP(I-1,J-1}) ) %ALPPSL _ e ~
e CMP CMP+APBAR®CNP/DP . e
CMQP= (COMAP LT, J=1)=CIMAPI [=1,J=1) ) #AMPSL+CCHAP(I -1, =] )+
B  LULCCMOP{I,J)~CCMUP (1=1,J) ) #AMPSLACCMAP (I =1yJ)=(L0CMQP(T =10~
C2CCMQP(TI=14d=-1)) *AMPSL+CCMQP(TI-1,J=-1)))*ALPPSL - o .
L __IF(ALPP LT 0LICNP==CNP . o o - B
- IF(ALPP.LT. 0. )CMP=—CMP - B e . i
T QX==DYPRESE(CAXCTHE#C NESTHED _ o T T _
N2=DYPRES & (CN*CTHE=CA%*STHE )
 QTHE=DYPRE®S*D& (CM+CMQ*THED*D/V ) +TORQ
[=2
" 900 IF(T.LE.TTI{I)) 6O 13 901 -
1=1+1 -
. G0TO900 " ay
901 TISL=(T-YTI(I-1) )/ ¢TT I -TTI(I-1)) HQ
— o SPI=SSPILI-1)#(SSPI(L)=SSPICI-1))*TISL [b)
_MP=vp-MA .
MASMMAUI=1)+(MAA( L )-MMA(I=1))%TISL ® <
IYP=TIYP{I-1)4(T1YP(I)-1IYP(I=1))*TISL ur
__,__MP MpmA____ w
[ IF(T.LT.DTI) CNP=CNP*T/DTI




CIFUTLLT.DTI) C4GP=CMQP%T/DTI
C QXP=-DYPRP*({SPI*CAPSCTHEP+SPECNPESTHEP)

IF(T.LT.OTI) CMP=CMP=T/DT[

QIP=NYPRPE(SP I #CYP ¢CTHFP-SP[ *CAP #STHEP)

QTHEP=DYPRPESPI=0OP* (CMP+CHMIPETHERPD*0OP/VP )

RETURN

_END .
| SUBRDUTINE MATRIX

IMPLICIT RCAL¢8(A—H13 l),m,__

DOUBLE PRECISION LAWIDE,LAWZOE,LA“DDE'VJDE1.LAWQPD,KS-

lKSPKHZ'LTR MU %U).LH[ LH2 pL1 3L 2,80, LANL, LAM2,LAMO,NU__

NNP LA, LAMDEG 2L S1.LS2,LQP,LAMOP, NUP, NUPDES

TLALP G ALPP  AM, AMP DY PR, DY PRP,

) BSIGLySIG24ETALyETA2,TENS,DA4P, STHE,CTHE, STHEP yZTHEP, LHI'LHZ,v

3 My NPplY'lYP,LT lTDoLTOoNA NNy K9 KSPKHL

GuMUMALLS) yMA G TTYPL16) gKBLIKIT,KHL yKH2 KPH I gKKS (37
COMMUN T, DT g Xy ZoXPy2ZP yThiy THEP ¢ XNy ZDyXPDyZPD,y THED THEP) GAM GAMP,

3CNP CP, CMYP CCAR( 3 2161 2CCNP(9,16),CCMPI3,16)s CCMQP(B216)sVYP+GR,

RHQ,S.SP'D'DP My MP_[Y,!YP,LT»L]O.LTO,M .
2DCGyCyKyCAYCNyCHyCMY,CCAIB 1 16) yCONIB,16) 4CCMIBy16) yCCMO(B416) ¢CAP,

_4Q AA(6v4)')0(3v5)yLL(3),FF(3).OX'OZvQXP QIPyQTHE,ATHEP) APBARy XBAR,

5LBARy ANM(8), AAMP([B) A ALPF([b).AALPPE(lb)'Ilﬂ IJUTv

6DADTHE yDOBOTHE ¢DAGTHP, DBDTHP, ABAR BEAR g Ay By CHI, CHINy 1Sy MUD,PHI 7 SP [ 4
TPHIDPHILsPHI2,BETL,3ET2,EPSL, FD§2,K5PK11,KSPK#Z.LTR,DLL__

OA1BAR,A2BAR,B1BAR,A2BAR, NOSARy AUBAR 10, L1 41 2 LAMUSLAIL, LAN2,NU,G

LyTTI(16),SSPI(16)yLS1 LS24LIP, LAMOPNUP, BPRAR, EPSPL,EPSP2,ILP KS
. 2eMMA,MA oIIa_( B)pVVGL8Y VG LIYP KBEL KOT pKHL pKH2 s TTENS (3 ) 2KKS,y
L 3CONTL20),AALPILE) AALRPLLE)
DDAl ) =M

CDM“JJ TORy THENDU, THEDLy DTVL « TURND,BRID,LAM, TI,CONF,DT1,CDAB

UD(1¢2)=0.

_DDU2y2)=M

_..DD(3,1)=DD{1,3)

. 0DLL93)==M*(ZBAR®CTHE +XBAR *STHE)

DD(241)=0,__.

_DD(243)=-M&(ZBARXSTHE-XBAR *CTHE)

00(3:2)=D0{2,3)

_DD{(3,3) =LY

THED2=THED ¥ %2

_FECL)=DN{2,3)¥THED2+( TENS+DAMP ) %A /L T+QX

_EE(2)=-DDU{1,3)#THEN2+{TENS+DAMP) #B/LT-M254Q2

EE(3)=-G*DJ(2,3)-(TtVS*DAWP)*(A*DADTHE*B*JBDTHE)/LT*QTHE

EPS=,10-11

 IF(TERSW.EQ.0) RCTURN

50 _

CALL CROUT(DD, EE:3-3,EPS,IERSN)

o WRITE(IOUT,50)

STOP,NJ

FORMAT (////20X, "INCONSISTENT EQUATIONS®)

END

AKSPKH2yLTR ¢ MU MUD g LHL 5L H2yL 1L 2410, LAML, LAM29LAMD ,NU

SUBRDUTINE BRIDLE

AMPLICIT REAL*3(A-H,0~7)

"DOUBLE_PRECISION LAMLDE L AM2DE L AMODE,NJDEG,L AMOPD4KS .

g9 °bed

__2¢MUDEG,MUDDEG,NAP yNNP y LAMy LAMDEG,LS1,L52,L0P,LAMOP,NUP,NUPDES

€68GT ¥HID

3y My MP,IY, IYPGLT,LTD,L TO ¢ NAYNN)KyKSPKH] ‘




4yMMA(L6) 9 MAZTTYP(16) s KBLIKBT)KHLyKH2,KP4I,KKS(8)

C OMMON r.or.x.z;xp.zp.rre THEP 4 XD ¢ZD 1 XPD 3 2P0, THED, THEPD, GAMy GAMP, _

__LALP,ALPP, AM, AMP , DYPR,DYPRP \RHI S 9 SP,0 03P ¢ MaMP o LY, LYP, LT,LTO,LTO,

_2DCG,CeKy CA.CN,cw.cma.CCA(a,15),ccwte,16;,ggagahlog,ccna(allb),;Ag;jf_"
_ 3CNP,CMP,ZMIP,CCAP(R,16) 4CCHPIB,16) ,CCMPI8,16)4CCMAPI3,16) 4V VP Gy

GRYAA(G 1 2) p0DE 3432 EE(3) 4FFL3) 9 X2 JZ g YXP,QZP o3 THAE 4 QTHEP JAPRAR, X3AR,

_ SIRARJAAMIB) yAAMP(B) 4 AALPELLO )y AALPPE(LS) ¢ TINy 1DUT,_

" 6DADTHE ,03DTHE, JANTHP 4 DBDTHAP yABAR ¢ BBAR YA B, CHI,CHID, MU,MJD PHl SPI.

. _TPHID, PHll.PHlZ,ﬂEleBETZ.E’SlpEPSZ KbPK41 KSPKH2yLTRyDLy

BSIGL1ySIG2,ETAL,ETA2,TENS,DAMP,STHE, CTHE'STHrP CTHtP,LngLHZ,

QALBAR A2CAR G HLJARZH2BAX 3303A,A08 AR 4LOyLL,L2yLAMO,LAM], LAM?gNU G

COMMON TORy THEDUTHEDL, UTVC, T RQ e BRIC,LAM, T1,CINF,DYI,COAB

Ly TTHIL6)9SSPILL6) oy LSL LSy LOP LAMIP NUPy BPBAR JEPSPLyEPSP24DLP4KS

____w:::”Z'MMAviA TTGUB),VVG () oV, [IYP,ABLKBT KA1 oKH2 s TTENS(S) JKKS s o

T3CONTI20) yAALP(L6) JAALPP(LS)

853 FORMAT(IHL, 15X, 2044/7/7)

54 FORMAT(LIH 10X, *INITIAL VALUES, ENGINEEJING UNITS ARE METRIC. (METE

ARS e NTHTINGSEC) /)

55 FURMATULH /10X, 'LALY p7X, TLH2 Ly TX, PALBARS 1 5Xe P AZBARY 15X, ¥ BIBARY 15Xy
L LUB2BARY G SX,PLLT8X e L2 38X DLt g BXy TLOY,BX 4 PBETLYy6X, 'RET2?/10X,

_,2'59510.6x.'tpsz',6x.'f1A1',ox,'ETAz'Lex,'SIbL'.sx,'SIc7 6Ky

KX KSPKH',SX,'KSPKHI',QX,'KSPKHZ',4X,'T-IVF"SX,’DT—INF"4X,

SOTHEDU® g SXg STHENL ' 3 5X 3 *TIRQUE?® 44X, DT~ VALVC'.?Xn'Lbl'g7X1'LS)'n

BT XeTDLPY/LIX TLOP Y TKy TLAMOP Y 5K, TNUP ' TX, *APTAR ', 5Xy *BPBAR® 45X,

1 EPSIP'.SX.'EPSZP'.SX"DT'.BX,_.H

__1/8X+8(F8. 3v2xl,w.19(59 QJLAlLLl_m__.

. € STATEMENT FUNCTION

DARCOSIDL) = DACOSIDL). .

_L1=DSORT(ALBAR % ¢2+31BAR %%2)

L2=DSQRT(A2BAR*#2+B2DAR*$2 )

“DL=DSART((B2BAR-BLIBAR)**2+ (A2BAR-ALBAR) ¢ %2 )

BET1=DARCOS ((LL1*¥%24DL #42-[ 2%%2) /(2. *L1%JL )})

BET2=DARCOS((L2%*#2+ DL ¥%2-L 1 %%2)/(2.%L2%DL))

T TTEPS1=DARCISU{LHIEE24DL % #2- LH2%%2) /(2. € L41¢DL))

EPS2=DARCUS ((LH2*¥2+DL*#*2-LH1%%2)/(2.*LH2%DL))

_ETA1=3.1415927~-BET1-EPS1__

_ETA2=3,1415927-3ET2-EPS2

LO=DSQRT(LL#*2+4 L H1*¢2~2 (¢ HL %1 1 *DCOS (BET L+EPS]))

LAML= DATAN2(B1BAR,A1BAR)

lF(LAMl LT.0.0) LAY1=06,28318531+¢ A1

LAMZ" NDATAN2 {B2BAR, AZBARL

_ITFiLAM2.1LT7.0.0) LAWZ 642831853 1+LAM2

TLAMO=LAMZ $DARCUS ((L2%%2 410 #%2-L H2#%2)1/ (2. #L 2*L0) )

$1G1=3.1415927-BET1-EPS1-LAMLI+LAMO

_TF(LAY) .GE.3,14159270) S1G1=51531-6,28318531 -

_3162=3.1415927-BET2-EPS2-L AMO+LAM2

LF{LAMO.GE.3.14159270) LAMO=LAMO=-6.2831853]

69 obeda

NU=LAMO _

LAM=NU

£98GT ¥ID

AOQOBAR= LO*JCOS(NU)




“BOBAR= LO*DSIN(NU)
PHIL=SIGI _ . :
PHI2=5162 e e e e e ]
_IF(CONF.EQ.2.)_RETURN . - . e e i
___ CALL SUSPEN_
WRITF(I101T,53) CONT
_ WRITE(INUT,54) e e e :
CWRITE(IOUT,55) ] . , . S ) e :
SS1S2= DSIN(SIGL+SIG2)
£2512= _DI0S(S1532) /SSLS2
_CL312= DCOS(SIGL)/SS1S2
S2512= DSIN(SIG2) /58182
S1512= DSIN(SIGL) /55152
KBT= 1,/0(C2512%C2S12/KHL) #(C1S12*¥C1S12/KH2.
KBL= 1./((S2512%52512/KHL)+{S1S12%51S12/K
T KSPKHL1=(2,9KKSEL) *XHL) /{2, *KKS{1)¢KH 1)
TOKSPKH2=(2.8KKS L) #<1H2 )/ (2. #KKS (1) +KH2 )
KKSUNDEKSL) /(2. %KKS (1) ¢KBL)
ETL#57.2958
=HET2%57,2958

I |

EPSIDE=EPSI$57.2953
TEPS2NE=ENS2%57.2953
U ETAIDE=CTAL#57.2958

ETAZDE=ETA2%57.2953
SIGIDE=SIGLe57.2958
TS1G20E=S162%57.2953
LAMINE=LAML%57.2958
_LAM2ZDE=LAM2*57.295%
_LAMODE=LAMO%57.2958
NUDEG=NUE57.2958
____LAMOPD=LAMOP%57 .,2958
NUPDE(: NUP%57, 2‘758
_EPSPLD= FPSP1*57 2958
EPSP20D=EPSP2%57.2958
__ﬂRITE_([r)U_T ' 56) LH1,L42,A13AR,A2BAR,B1BAR,B2BAR, LlLLZ__'DLgLO UET[DEv
1BET2NE, EPSIDE, EPS2UE, ETALDE,ETANE,SIGIDELSIG2)E,LAMING,LAM2DC,
2L AMODE yNUDEG,AQBAR ) BIBARyK yKSPKHL ¢ KSPKH2,T 1,071, THEDU, THEDL 4

3T0RYDTVC,LS,LS2,DLP,10P,LAMOPD NUPDEG APBAR 4BPBAREPSPL),EPSP2D
4yDT,KH1 ,KHZ m .
_ABAR=AJBAR
RBAR=BO3AR
XP=X+ABAR®DCOS (THE)~BBAR®DS IN(THE)-(APBAR#LTR+,01)*DCIS(THEP]1+BP8A
13 *DSIN{ THEP)
IP=Z+ABAK#DS IN(THE ) #+BBAR%DCIS( THE )~ (APRAR+LTR+-01) *DSIN( THEPI =B PBA
T IR®NCOS (THEP)
CONF=2,_
RETURN
END
SUBROUTINE SUSPEN
IMPLICIT _REAL*¥8(A=H,0-1)
DQUBLE _PRECISION LAMILDE ,LAM20E, LAMIDEyNJDEGsLAMIPD,KS
LKSPKH2y LTRyMUsMUD g LHL JLH2 L 1,0 2,10, LAML, LAM2,LAMO,NU
2 MUDE Gy MUDDEG ¢ NAP JNNP 5 LAM, LAMDEG,LS1,L$2,L0P, L AMOP, NUP,NUPDES
3aM M, 1Y, 1YP, LT,LT0,LTO;NA N, Ky KSPKHL

0L 9bed

€G8ST ¥ID

e




. GyMMA(LS ) MA, TIYP(LO) s KBLyKBY yKHL KH2,KPHT,XKKS(B) e i e
e COWMQ"J TedT X 2o XP, ZP ¢ THE y THEP ¢ XD 42D4XPD, ZPD'THED,THEP[).GAM (;AWP, e N . e
— lALP.ALPP,AW AMP 4 DYPRy DYPIP yRHI g S9SP ¢ Dy DP aMyMP LYo LYP LT LYQoLYD Yy _ e o . - s
e 2DCGCyKyCAJCNyC M, CMQ.CCA(B,[()).CCN(B,I&M C”(agl()hCC“‘lQ(B'lb)yCApg e e e e 2 - .
R NP LCMP L IMIPLCCAP LA L 6) dCCNP(By16),CCHMPLB,16) 2 CCMOP(B416) 3V VPyGR, e . e . - _ —
4Ry AAL654) 9 DD(353), FEAR) FE(3)2uXe 2l AP QLR A THE s ATHEP (APRAR XIARS
e 5ZRAR AAMEB) s AAMP(R) JAALPE(L6) s AALPPE(LS )y 1IN, LOUT, | e e e . I
. 6()AUTHF DBDTHE ,DADTHP , DBNTAP JARAR ,BHAR gAg BoCHI, CHlD, IU,MUD DHI ,SPI,_ I e _ N .
i TPHIDPHIL JPHIZ2HyBET], RETZ'FPSI'EPSZ,KSPKHI.(DPKHZ,LT‘(,DL, T S I
e SSHIGLSIS24ETAL,FTA2,TENSsDAYPSTHE,CTHE,) STHEP, CTHEP.LHL'LHZ, e e .
o . FALBARLZA2BAY,B13AR, 329 AR, BLOBAR, AOHAQ sL 0Lyl 2,LAMOD,LAML,LAM2, NU,u . . e e e
COMMON_TORy THEOU, THEDL 2 DIVC [0rQ BKIDLAM, [ 1, CINF, DT 1, COAR ,
e L TTHULO) y SSPILLE) gL S L S2,LUP,LAMUP yNUP yHPBARFPSPL yEPSP24NLP4KS . e e - R e
e 29 MMAMAZTTGIB )y VVGIB) g VG TIYP g <KBLpKAT g K11y Kri2 TTENS(8) 9&KSy . __ e e N R
e 3CONTC20) 4 AALP(LOG) gAALPPYS ) ~ _ e e e i e . R . S
€ STATEMENT FUNCTIUN e . e . S . . _ .
T DARCLSNLPL = DALOS(DLP)
c - T
e EPSPL=DARCOS (D PR LS 18 2L S 2% %2 )/ (2 XB L P AL S ) ) _ _ _
e EPSPR2=DARC DS (L PR 2 L S 2%k 2t S L x X2 ) /(2O PR S22 ) .
R W ¢ 1o nSQRT(lDLD/Z.)“*2*[.5[“*7 DLP*LS1%D23S(EPSPL) ) o e - . ~ .
— _ LAMOP=DARCOS(((DLP/2 q,)fﬁZfLO}’?_*,Z_L§"_*§2 Y/ ADLPELOP !__L_,_,__ e N - o _ L .
NUP=LAMOP=1, 5707963
e APBAR=LOPEDCOS(NUPY) o o B e . . e
. BPBAR=LIP&DSIN(NUPY. - e ~ B i I
I IF{COINF,FQe0.0) PETUPN o e e e e
e XPEXtANAR®CTHE- UHAR*STHE-APBA(*CTHFP&BPSAR*STHFP*(LTOO'TE\IS/K) o . _ - R
T TIH0SINGCHD) e T
lp= lH\BAR‘STH["BBAR‘CTHE APBAQ*STHEP BPBAR*CTH:P*(LTO*TENS/K)
T eocestewty . T . ————— e T T T
_ _RETWRN. T - R . e e e e d
T EnD S - T
e SUBRUUTINE CROK IT( Ay Cy. N, LD, EPS, IERSW) e e . e e
T UIMEAR ALGEIBRAIC EQUATIONS - CROUT L5220 S R
DOUBLE PRECISIIN AsCy SUMEPS, ZERD
 __ _DIMENSION A(LD,1), C(1) i Ls220_3______ __ ___ _ T
_ZERO = 0,000 __ . . _ — el
CZERQ = Q. T _LS220 5. . e
CTERSW=O T T ,A\_Lszzo_.__‘ T T
T U IF(DASSIACL, 1)) - EPS)I90,5¢5 T T - —
C IFLA3S(AlL,1)) - EPS)90,5,5 L S22 9
e 5 IFIN-1)90,10,15 1.5220._190 — i =
TTHO CU1) = CULI/ALL,1) 15223711
___ RFTURN R o 1LS220_12 L
15 00 20 1= 2' _LS222 13 ___ e
T 20 AUl 1)=AlL 1)/ALT,1) 15220 14 )
DO_65 1=2,N 15220715
D0 65 J=2,N ___ L5222 L6
T suM = ZERD. 15220 17 o .
TF(J = 1).30,30,25 LS220_18 Hy |
25 JIN=I-l . LS222 19 xQ ‘
G0 T0 35 ' 15220 20 e
T30 9N =)=l 15220 21 .
ool ot
(8]
I JE w




35 0D0_40 K=l4JIN _ e —_.LS220 22 _
40 SUM =SUMSALT (KI®A(KyJ) L$220 23 .
___dF_ (J -1)45, 45,455 e LS22) 24
45 AlL,J) = Al1,J)-SuM : LS220 25 _.
IFLJ-1165,50,90 . . LS222 26
— SO _IF(DARS(A{1s1)1=EPS190, 65, 45
___C_ SO IF(ABSLA(I,1))=EPS)90,65455 LS220.28 o e
55 IF({DABSIA(L, 1)) - EPS}90,60,60 o . :
__ € 55 IF{ABS{A(T,1)) - EPS)90550,69 e LS222 030 e
60 AT LI =LALT G =SUMI /AT ) L8223 31 e e e i
——— 65 CONTINUE . Ls22) 2 — \
ClLl) = C(1) / Al1,1) LS2720 33 ;
. bo 75 1=2,N ] L8220 34 . e
e .. SUM = ZERO e e S220 S
e JIN =11 e o LS 220 3
e DO 70 K=1,JIN e . o LS22 3 e
~_______70 SUM=Sy MI\H.K)*C(K) o o LS220 33 e
T ctpy=(Ca-sSuMi/aliLn) 15229 39
e 75 CUNTl‘\JUL e '_A_LSZZJ;__’rQ o U _
T TJIN =N-L Ls2204y oo _
T DD 8BS M=1,JIN ' LS220_ 42 N . e
__SUM = ZERD — e S22 43 e - o
i L=JIN=-M+1 LS220 44 . N o N .
LL=L+]) LS22)_45 |
e ‘)L) 80 K= LL'N _____ LS220 46 e !
B_O.SUM,? S'JM +ALL, K)*C(K) i _ L S220 AT _
85 .C(L) =.4C(.L._2..-:_SU,M_ . _LS223 48 __
— RETURN__ ‘ 1.5220_49 — I
90 IERSW=1__ LS220 50___ e
. RETURYN 1.5222 51
END L9220 52,
_________SUBROUTINE PLTRAJ(X.YI.YZ,YB.Y‘o NoIX,IY1yIY2,1Y3,1YV4%4,HDR} e
c _ THIS SU3RIUTINE PLOTS_UP TO FOUR CURVES (N THE SAME X SCALE, EACH .
c __HAVING ITS OWN_Y SCALE ——
C
c X THE X {HORIZONTAL) VALUES AT wWHICH Y=F{X) IS COMPITED
L o Yll.Y2,¥3,Y4  THE Y (VERICAL) COORDINATES AT EACH_X R e
- C N _ ] THE _NUMBER _OF POINTS IN EACH OF THE _ARPAYS ABOVE
¢ ;o — THE CONTROL_FIR X LAZELLING (NOT
c IY1,01Y2,1Y3,1Y4 THE_CONTROL FGR Y LABELLING (0=UMIT_THIS & FOLLOMWING)
[ HDR THE HEADER IDENTIFICATION _FOR THE CURVES)
C — —
DIMENSION X(1)oY1(1)p¥Y2(L)s¥Y3(1)yY4(1)sHORLL) _ .
DIMENSTON VMX(4),VMI(4) yVM2(4) ¢ VM3(4) sVM4 (%) oVMS(445),10D(27) -
_ __EQUIVALENCE (VMS(1,1)4VML(L) ) (VMS(1y2),VM201)) 9 VIS{1e3)sVM3L1))e
1 VS 94) 2 VMel1}) o EVMS(L,5),VYMX(]1])) )
DIMENSION LABELS(4,12) QY !
DATA LABELS / *ALTITU®,*0DE M*3,%10%&3 ¢, 'y E :
2 TVELOCT ', *TY_ M/','SEC__ ¢," R o8
3 "ACCFELE 'y "RATION'y* M/SE®,%C%%2 ¢, = ;
4 'DYNAMI® ,*C PRES® ,PSURE 9 4 "N/M%%27, RN ] ]
5 'TF’\ISII_ IN N0, 1, ‘, gt\) :
6 TFLIGHT 'y % PATH ', *ANGLE *,* DEG ¢, W
7 YPITCH 'L *ATTITU','DE_ DE','G ',




-\

8 "ANGLE ', 'OF ATT','ACK D', 'E£G ', i

9 SRANGE ¥, M 1, v -, e —————
A MY IME. %, 9SEC. g ', ', - ) -
_ 8 __*PITCH_ ', *VELOCI',*TY__DE*,*G/SEC. %y ___ ___ __ ™ W —m o eee—e—e—e—e—ee—e L
e c CYANGLE. ', *JF _ATT*,'ACK P % ,% DEG '/ e T

NIMFENSTON LTYPE(4)
T DATALTYPE / 0414245 /7 o

_ DATA ID 7/ 'USF 12%9%43 INZ*,'H GRID',*PAPER,* ,¢ 20 GR', 'IDS PE'
.2 'R INCH' ‘. _”U).EA__' ‘BLACK T rLINUIDY, Tipe
J3 VPEN, ey 2t et
4 ', [ l,. s
DAT/\ XL'YL,HT / 12-1 H., ._10‘)/

DATA DAZ2,DA3, DA\Q/_}51 ~ley_~la5/ _
DATA FG,FP/100Jey <001/
- DATA ITIME/ZO/

e FRUIXGLESO) GO T 300 R . R
e TF(ITIME)LD0,100,150 . o e e e
___IQO CALL _CALIDLID)
R HT2 = JS5%HT . I e o o
150 ITIME =__l_1'!Ml' f 1 . . . . . L o
I CALL PLOT(D.,l S = 3) _ S o e e
€ FIND MINIMUM, ‘MXI\HJM OF ARRAYS T e e

D0_190 I=1,5

VMS (2,1 -.1€38

T TVUMS{1,1) = +.1E38

__0__!_90 CONTINUE = _

DO 200 I=1,N —

TF{ X{I1). GT VMX(Z)) VMX(Z) =
) =

IFQC XUI)oLTVMXEL)) VMX(1L

—_1fF(IY1I.LE.0) GO TO_200 _
T UUIFIYLLT)LGTLVILE2)) VML (2)_
TFCYLOI) LT JVMECL)) vMLLL)

T UIF(IY2.LE.O) GO TU 200 ~ . - e - .
o TF(Y2(1).6TLVM2(2)) VM2(2)_= Y2(I) _ _
TEEY2({1).LT.¥M2(1)) YM2(L1) = Y2(I)
e IFCIY3.LE.OQ) GO TO 200 . .. . o e i e
o UTF(Y3U[).0TLVM3(2)) VM3{2) = ¥3(1) . e - I e
o CLFOY3(TD LT VM3 (L)) VM3 (L) _=_Y3(1) o e e N
. IF(1Y4.LE.O) GO TO 200 _ . _ .. ] e .
- CIFUYS (1) .6T oWMa(2)) vMal2) = Ya(T) ] e e —
IFIY4{1).LT.VMa(1)) VMG(l) = Y4(1) N
200 CONTINUE o _
[ e
C DO SCALING AND AXES
T UIFLIX - 1)400,310,320 - S

310 VMXIL) = VMX{1)*FP
VMX{2) = VMX(2)%FP
320 CALL SCALE(VMXyXL, 2,10 .
CCALL AXIS(Ds 10esLABELS (141X) =24» XLo0s ,VMX(3),VX(4))
IF(IX = 1)340,330,340
7330 CONTINUE
_VMX(3)_= VMX{3)%FG :
VMX(4) = VUX{4)*FG

€L obeg
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— 340 CONTINUE
TXIN#L) = _VuX(3)
TXIN+2) = vMX(4)

c a— e — S - .
- IFUIYL = 11400,351,352 e o
35]1 VML(l) = YM1{1)%FpP
___VML(2) = vMl(2)%FP _ e .
T 352 CALL SCALE(VML,YL,2710 _ ]
CALL AXIS(O. 404, LABELS{1,1¥Y1),424,YL,90.,YMI{3),¥M1(4)) —_
T IFCIYL - 1)354,353,354
353 CONTINUE. . I
VM1(3) = VM1(3)*¥FG
C_VMLL4) = VMLI4)%FG_ —— -
354 CUNTINUE S R -
TUUvaenel) = ovmie3y - _ _
YL(N®2) = vMI(4) - _ e _ — —
[
TIF(IY2 = 114005 361,362
361 VM2(1) = VM2(L)&Fp
T TUVM2L2) = vM2(2) #Fp
362 CALL SCAUE(VAZ,YL, 2,11
T CALL AXIS(DA2,0 4y LABELS (Le IY2) 9 #24,YL190.,VM2(3),VY2(4)) _
_IFLIY2 = 1)3640363,364
363 CONTINUE . ;
__VM2(3) = VM2(3)%FG !
WM2l4) = VM2(4)%FG i ;
364 CONTINUE.
TY2(NEL) = VM2 (D)
T Y2UN+2) = VM2(4)
" C
_IF(IY3 = 1)400,371,372
371 _VM3(1) = VM3(1)*EP
VM3(2) = VM3(2)%Fp ]
372 CALL SCALE(VM3,YL 2,.1) ‘
TCALL_AXJIS(NA3,0ey LABELS( 1y 1Y3) 2424, YL 490, ,VM3(3) ,VM3(&))
[FCIY3 = 1)374,373,374
_____}73mc0eruue L ] R
VM3 (3) = yM3(3)1%FG
T VM3(4) = VM3I(4)%FG
374 CONTINUE
__Y3IN+1) = VHM3(3)
Y3(N¢2) = YM3(4) -
C
_ ____IFllvy4 - 1)400,381,382 -
381 VM4l1) =_VM4l1l)*FP .
_NM4(2) = _VM4(2)%FP .
382 CALL SCALE{VF4,YL,2,1) ’ Q9 -
CALL AXIS()A4s0e s LABELS{Le1Y4)s%24,Y0L 2900 VM4 (31 VM4l4)] He o
IF(IY% - 1)384,353,384 Q|
" 383 CONTINUE __ e?
VM4(3) = VM4(3)*FG ua .
VM4 (4)_ = _YM4(4)%FG &
384 CONTINUE 3
Y4INt1) = VM&4(3) . .

S S ]



— YAINE2) = VMA(4)

C_ I . e R
400 CONTINUE — — -
T CALL SYMBOL(Lle04~1e2¢HTHIR,0.,480)_ T e _ e
o e - e i _ i
' c DRAW._LINES
M = NJ26 L o i -
T IRUIY1 450,450,400 e - e N e
410 CUNTINUE o S
T CALL LINFUXsYLaNyLeJeLTYPE(L)) L e e
e IFL1Y2)45%04,450,420 o e,
420 CONTEINUS.
____ CCALL LINE{X,Y2,NsleJyLTYPE{2)) __ o e
e . TFUIY3)450,6504430 — _ e e e _—
T 430 CONTINUE S T
o CALL LINF(X,Y3 .54yl d,LTYPEL3)) B !
o UIF{1Y4)450,450404%0 o e
%40 CONTINUE.
o CALL LINE{X,Y4yNyLlydy LTYPE(4)) - o e
450 CUNTINUE o e
__DRAW LABELLING ____ T .
VX = XL =~ .5 . e
T = VA ~_ 2,1
o NY = YL =~ HT=HT _ _ e e
T TTTIF(IYLIS55045504510 e B . R
510 CUNTINUYE o e
T CALL SYMRDL (T VY HT LABELS{Ly Y1) ,04424) _ e
____.-.,-_.._,CALL SYMBOL (VX, VY.!_HIZ.IH..Tl,.L.I_Y_P_E_(.L.).l‘_:)__t.l..‘_'.‘,l) . —
VY = VY ~ HT-HT :
o TIF(1Y2)55045%0,4520_. .
520 CONTINUE e
T CALL SYARDLAT VY HT,LABELS(L1+1Y2)s0es24L e .
__.CALL SYMBOL VX VY +HT2 yHY LYYPE(2) 3005 ~-1) e e e e e
e NY = NY = WT-uv o
1F{1Y31)550,550,530
530 cConTINUE N o
CTTTTUCALL SYMADLUT VY HT,LABELS(L,1Y3) 40.024) o o
o CALL SYMBUL(VX,VY+HT2,HT,LTYPE(3),04.s~1) S
 _ NY = NY = AT=Wr e
B IF{1Y4)550,550,540 -
540 CONTINUE
o CALL SYMBOL(T, VY, HT JLABELS(Ly1Y4)4Da9264)
 CALL SYMHBOL{VXgVY+HT2 )HT4L TYPE(4) 00 9=1) .
550 CONTINUE
T TUCALL PLOT(XL+4.9-1.54=3) )
900 CONTINYE .
RETURN___ — . _
END ____ _ g

SUBROUT INE DENSM(Z1l, P, RHO, CS)

£G8GT ¥ID
GL ®beg

__DOUBLE _PRECISION Z1l, Py RHO, CS___
DIMENS ION _HBL22),_PB(22), _TB122), A(22), B(22)
DATA HR/De936089.239,65616.798,104986.88,154199.48,170603.67,




1 200131.23,259186,354291153.40,323002, 75,354753.59,386406.39,
2 480731.04+5120464 163543215.48,605263 +45,725243.91,93989%4.75,

3 1234619.4,1520799.4,1793726.4 42068776 . 57

_DATA P3/2116.217,472.67922,114.34505,18. 128852.2 3162994,

. le 23225[2'.33032173..021572“18,.00343315321 00)62812953;,
2003153559864 0000526606807,,020010571582,,0000077157071,

0000058324672, .0000335195139,.00000145371y.3934398TE-6,

J‘UN—

«3417666TE~T7,.22384174E-7,.720589360-8,.248912646-8/  _ _ __

T DATA TB/28P.1542%2164650228.55,242704651252.65,2%180.6%¢210.65,,

2604657350065 ,960 06501112265, 1210.655 1350265, 15504065y 18304 65,

1
2 2162.65,2420.6942590.65,2700. 65/, .

DATA \/a'h‘].,‘). ____)LQ_:Ls_l..‘!.)")xLl7" Jg e J7 J?ler)f"SQ e 2 o

-.2252355 59-e9B256431E~590.y,52141408E-5,,74757236E=5,___

:';12120760t54..17beazu1e—4,.49941991F-5,.28936557E-5,

1
2 _
3 L elH835T46E-54412041 17205, 85314774664 ,6116347E-6,_ _
4 04204841 9E-0,.25268539E-6,26,1572315E-6/_

" DATA 3/5.255886,-

480631026~y = ——

34,1632324712.2011794=238473567E 4.

17.081527 43540804, -57641135%E-4,-114 OSH&Z 66127901,

=3.2961763,-1.6390858,=2,170446%y=3424°

1

.2

3 5 .4033868,-7.87331547-9230390394-11 4 4627,-17.02519%,
4 T 2%-25.5621337

1%3.28084

1=
H:

: .
20855531, F0*2/ (20855531 .60 + )

D01l =2y 22

CIF(H-HB(1))2,1,1

1 CONTINUE. _

— TFYP = 1. + A(L)®DH

T = Tﬂ(!)*TEMP

IF{A(E))3,6,3

6 TEMP = EXP{B(1)*DH)

i

GO YO & _

3 TEMP = TEMP®2B(1)

4 P = PRUI)*TEMP2%47,.88025

_RHO = _.003483647%P/1

LS = 20.04679*%533TLT)

_RETURN

END

£4989T ¥ID
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